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1.0 INTRODUCTION

1 .1 Bd•.kground

"One of the most complex problems facing Army planners is the

design and development of effective training systems, particularly where

the use of operational equipment for training purposes is impractical.

A number of situations necessitate constraint in the use of operational

equipment in a training role. These include reduced military budgets

with consequent reduced availability of actual hardware for training

purposes, reduced availability of large-scale training areas and ranges,

and finally, growing concern for the ecological damage which can arise

from mechanized field engagements.

In order to deal with the limitations resulting from the reduced

use of operational hardware the Army has turned increasingly to the use

of training devices which simulate the operational situation. These

training devices are designed to meet the needs of a variety of students

who enter the training situation lacking varying degrees of knowledge or

skill. To the extent that exposure to the training device(s) imparts

necessary knowledge and facilitates performance at specified criterion

levels on an operational task, the training device is judged to be ef-

fective.

A basic problem is how to plan for, design, and develop a training

system incorporating the different kinds of devices which will prove to

be effective for a particular training and operational situation. The

development starts with a statement of the requirement for training (e.g.,

a new weapon system is being developed for which trained operators will

eventually be required; or, a training need Is identified which cuts

across several weapons systems). The next step is to identify what needs

to be trained (the training deficits possessed by students who will be

exposed to the training) and to specify the general training system which

will meet these objectives. At, this level the specification is still a

* :. "functiooal" one, oriented toward goals and objectives as opposed to

hardware.



As- planning of the training program progresses, the level of detail

also increases and the "how" of training begins to be explored. Decisions
are made regarding classroom versus on-the-job training, the length of

the course(s), and the requirements for training devices and aids to sup-

port training. Many of these decisions are fairly straightforward and

can be made by experienced training specialists familiar with the personnel

needs and resources of the Army. Questions regarding training devices,

however, are not readily amenable to such a pr'.:'s. How and when to use
them, how to design them, and what to spend on tn~r are issues which, in

the past, have been dealt with in a fairly arbitrary manner due to the
lack of objective bases on which to make such decisions. Souni- instruc-

tional decisions regarding the use of training devices are contingent upon

the development of a conceptual framework and methodology which can be

employed to forecast training device effectiveness.

The primary goal of the present project is the development and
evaluation of a model which can be used to predict and to evaluate the

effectiveness of training devices. The modeling is particularly aimed at

describing how device design, device use, training strategy, and individual

ability interact to influence device effectiveness. Standards of ef-

fectiveness include both acquisition and transfer of military skills with

emphasis placed upon transfer from training to operational settings. As

described in the preceding reports on this project (Wheaton, Rose.

Fingerman, Korotkin, and Holding, 1974; 1976), the first step In develop-

Ing the model was to examine, and when possible, to build upon previous

efforts. Toward this end, past methods and models dealing with the

design or evaluation of training devices were reviewed, general tneories

of transfer ware studied, and a host of specific variables were surveyed,

particularly in terms of their impact on transfer. Based upon a synthesis

of these inputs a preliminary model was formulated for predicting the ef-

fectiveness of a given training device at the various stages In its

development. In the training-content by training-process model which

emerged, device effectiveness was viewed as a function of: (1) the
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potential for transfer. (2) the magnitude of the trainees' learning
deficit, and (3) the appropriateness of the training techniques used to

overcome that deficit. Subsequent efforts have sought to refine and

clarify the model and to develop a plan for field testing and evaluation.

1.2 Purpose of the Report
-As the secmd doewint In the series, 0* present report is

concerned with the development of an updated form of the transfer of
training model, and the synthesis of its com~ponents into a standardized
method for its application. Major concerns are determination of the kinds
of data necessary to apply the model, an assessment of the availability of

the needed information, anid the development of a feasible and reliable
set of procedures for processing the data to generate predictions of
potential training-device effectiveness.)

The following sections of the report outline the steps followed to

achieve these objectives.'tSection 2.0 outlines the rationale and

development of the predictive model Into its currant form. In generating

predictions about the training effectiveness of a given training device,
the model combines data concerning the device's transfer potential, the
learning deficits of the trainee population, and the extent to which the
device incorporates various training principles and techniques which have

been shown~ to have potential for enhancing training effectiveness.

Section 3.0 of the report describes the detailed procedures that
are necessary to generate predictions from the model. Procedural issues
include: the data which are needed, as wellI as how they are to be
acquired and processed./IfX.The first procedural step involves the determina-

tion of transfer potential for the device in question. The model presents

transfer potential as a joint function of: (1) task conmmunality between

the training device and the operational task, and (2) similarity between

the device and the operational situation. The second step involves the

determination of a Learning Deficit for the trainees who will be trained

on the device. The third stop requires an assessment of the extent to

which the various training steps in the device utilize various principles
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of training. The final procedural step in applying the model involves

the process by which the data from the other steps are combined into an

index or indices which reflect the device's effectiveness. The indicators

relate to the percentage of training time saved by using the device as

well as to various measures of trainee proficiency after a given amount

of exposure to the device. The model also allows for an assessment of

transfer that takes into account the type and amount of supporting

classroom Instruction which the trainees experience before practice on

the device.

Section 3.0 also describes in detail the step-by-step procedures

that the project staff followed in performing an experimental appli-

cation of the model. Two training tasks used for this purpose were:

(1) fire main gun (M60A tank) using the M-32 sight, and (2) apply

burst-on-target adjustment of fire using the M-32 sight. Four devices

were processed. These were the 17-4 Burst-on-Target Trainer, 17-B4

Burst-un-Target Trainer, M-55 Conduct-of-Fire Trainer, and SIMFIRE.

These devices were selected in a manner designed to yield at least

nodest variation in their predicted efficacy for training the two

criterion tasks so that the model's utility could be assessed across a

rinqe of predictions.

The purpose of this prelimninary application was twofold. First. it

was designed to assess the feasibility of applyinq the model. Feasibility

includes an assessment of the time in a training (levice's "life cycle" at.

which the model can be applied, either at the Training Device Requirement

(TOR) stage. or at the prototypiL device stage. Another aspect of

feasibility concerns the potential application of the model for systems

versus non-systems training devices. The second purpose of the applica-

tion was to determine the reliability of the procedures. In most cases,

modeling data were collected independently from four senior project staff

members and reliability indices were computed. These are reported in

Section 3.0. This section also discusses the problems thut the pruject

staff encountered in applying the model and the resolutions which were
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dchieved. This information should prove invaluable In future applica-

tions and as guidance for Amy personnel who may wish to apply the

model.

*, Section 4.0 presents the development and derivation of a predictive

" , equation using as parameters the outputs of the analyses discussed in

Section 3.0. Section 5.0 consists of a discussion of the results, and

" .suggestlons for further research in the area.

I
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2.0 THE MODEL

2.1 13 Backround
The first report in this series (Wheaton, et al., 176) presented

a prelillinary structural model for use in forecasting training device

effectiveness. This preliminary model incorporated most of the central

issues involved in training device effectiveness that were revealed

through an analysis of previous models, methods, and empirical data,

The model dealt with two major classes of variables:

1. Those associated with developing a training device which does,

in fact, elicit the behaviurs which are required in the opera-

tional situation; these wete termed "Appropriateness" variables.

2. Those variables associated 4ith actually learning these

behaviors; these were called "Lfficiency" variables.

Under "Appropriateness," the central issue was the transfor

potential of the device. Assuming that the trainee became proficient on

the tasks presented in the training situation, would he then meet the

training requirements? To deal with this question, three typeS of

analyses were proposed: (1) a communality analysis, (2) a c:riticality

analysis, and (3) a similarity analysis.

In addressing the "Lfficiency" issues, two major analyses wero pro-

posed. The first involved a determination of the tratinee's learninq

defic it: an assessment of what trainees were actuilly required to

learn. This was addressed by three proposed analyses: (1) determinin(I

whether appropriate skills and knowledge were already in the trainee's

repertory; (2) establishing the proficiency requirements for the

criterion transfer task; and (3) estimating how difficult it would be

to learn the task. The second major analysis subsumed under "Efficiency"

was the Training Techniques and Principles analysis. This proposed

analysis was an attempt to make direct use of empirical data and training

principles for a specific situation in order to depict the efficacy of

training.
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The basic input data for all of these proposed analyses was

presumed to stem directly from or to be derivable from task analyses of

the training and the operational situations. The preliminary model pro-

posed two complementary scheries for conducting the task analyses, thereby

determining the "Training Content": (1) a detailed task description, and

(2) a behavioral taxonomic classification.

In summary, the preliminary model was represented as a training-

content by training-process matrix, The content axis consisted of task

analytic data, while the process axis was made up of two major headings,

Appropriateness and Efficiency, and several subheadings. A functional

model was only implied in the previous report; basically, it was assumed

that the inputs to the Appropriateness and Efficiency analyses would be

task or subtask descriptions (and the behavioral categories for these

tasks) of the operational system and the training situation, combined

with a physical description of the operational and training equipment,

The precise nature of the measurements to be taken, the resultants of

these individual analyses, and how these measures would be combined were

unspecified in the preliminary model.

2.2 Current Structural and Functional Model

Withminor exceptions, the model in its current state of development

retains the basic structure of the preliminary model. While specific

decisions regarding the implenmentation of the various analyses have been

made, the basic rationale for the general types of analyses to be per-

formed has remained unchanged. Training device effectiveness is still

viewed as a function of the transfer potential of the device, the

learning deficit of the trainers, arod the extent to which appropriate

training techniques are utilized in the device. As mentioned in the

previous report, training effectiveness in general will be moderated by

a host of potent variables external to the device itself, such as device

acceptance, other instructional support, etc. While it Is still felt

that many of these variables would more appropriately be considered in a

training sstem effectiveness model, provision has been made for an

7
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"extended" application of the current device effe.tiverness iodel. For

insttrnce, it h.as been found thdt the type and adnount of' supporting

classroon instruction cdn be inocorporated Inoto the learnin g-defic'it

po)rtion ot the model. Other exatiples o0 this vxtenIded TImodel, aIppi ica t ion

will be pre•f*ntex below,

Figure I presents the structural and functional model at. its

present cta(ge of development. The structural rnodel i. divided under

three major headings: Inputs, Processes, and Outputs. •unctiondl

relationships are indicated by arrows leading from inputs through

processes to outp)uts. In order to miniml e perceptual coflfusion,

several irrows have been owitted from the figure- these onissions will

be df•cussed below, along with their appropriate lo(,itlons and functions.

The tollowinql discussion of' the nmel i% or(;anlzed around the three

witor analyses comprising t.h#, proce:sses by which input data are trans-

f(ornwsd into outputs. These rnajor dnalyses are: Transfer Potential

Learninq D.eficit, and Training Technique:, Detailed discussion lof the

prncerdwri's involved in conduc:tinq eat h ainalyss will he presented In

Set'.Lion .1.0 bel ow.

?.. I Transfer PotoLnti al. The mt-Axel )reserts triisfer potential a.s

d joint fun(.tlon of (1) task 4uonunal ity hetween the traininq sit.uation

drod the operational settincl, and (.') sImildhrity between the traininq

device and the operational eqgolixent.. Task conviunal1ty refers to whether

i .;pecific task in the operat ionn ,,Ituý,tiori is represented in the train-

ill,) devilc e. Co, nu O 1 ity can be . ssessed In twi ways. First, •roinunr•,i1ty

ýan be determined from the aý.tual way that the d(evie is currentl y used

by the Army. For example, for the %ubtas;'k, "Indexes ahunmition into the

cocvputer," SIMFIRE has no communallty with the operational task since

trainees are presumed not to index ammunition in the SIMFIRE trainer.

The other way of viewing comnunalit)y is to assess "potential" coominality

between the device and the operational situation, In the examnple above.

SIMFIRE would have potential convnunality with the operational task,

since it would certainly be possible for trainees to index ammunition in

the SIMFIRE trainer.
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Similarity refers to (1) the physical similarity between the displays

and controls in the training device and those in the operational situa-

tion, and (?) the deqree of functional similarity between the controls

and displays in the two situation.. Physical simnilarity is what has

traditionally been referred to as "fidelity." It refers to the appearance

and physical characteristics of the displays and controls in the training

device dnd the operational situation, Functional similarity is a newer con-

cept which refers to what the trainee actually does to the controls and dis-

plays in the two situations. The concept is based on information-processing

theory, and utilizes the idea of infornation transmission (Fitts and Posner,

1967). Two basic decisions are made in determining functional similalrity,

First, are the information-processing funct 'ions A the displays and controls

in the operational situation represented realistically in the training device?

lunction refers to such foriial infonmation-processinrJ activities as conser-

vation, reduction, or generation. For example, a task involving conservation

is one in which the output has some fixed relationship to stimulus events,

',o that the stimulus (Input) can be inferred precisely from the response

(output). To illustrate, in the operational situation, the earphones serve

the function of conservation: they transmit signml,, from•i the tank comnnarrier

to the gunner regarding type of anrnunltiun, etc. In the traininq situation,

the earphones are not present; however, the sanme information conservation

function is maintained since the same information is still transnitted to

the gunnery trainee. The second decision is with respect to the amount of

Informatinn transmitted in the two situations. For eximple, in the operational

situation assume that the armiJnitlon command reduces the gunner's uncertainty

aS to which of six types of rounds he will have to index. If, in a training

device, it is possible to index only two different rounds, the amount of

information in the two situations is different. The concept of functional

similarity will be further elaborated in the proceiures section (3.0) below.

Inputs to the Comnunality analysis consist of subtask descriptions

for the device and the operational situation. The Physical Similarity

analysis requires a list and description of the controls and displays for

the device and the associated operational equipment, and, the Func.

tional Similarity analysis requires a list of control and display

10
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functions in the two situations. Operational definitions for these

inputs, along with the procedures for obtaining the information, are

presented in Section 3.0. The outputs from each of these analyses are

comnbined to arrive at a Subtask Transfer Potential value for each of the

subtasks, Again, combinatorial rules will be presented in later sections

of this report,

The preliminary model, in addition to proposing a Communality and

Similarity analysis for Transfer Potential, also included a Criticality

analysis. The basic idea was to determine which of the tasks identified

by the training objective and found in the operational situation would be

most critical to have represented in the training device. It became ap-

parent, however, that no task was a priori more critical than any other

for operational performance; in a sense, all subtasks are, by definition,

equally important since failure to perform any one of them might result

in failure to perform the entire task adequately. Criticality, therefore,

is currently viewed from the perspective of the trainee: what tasks or

subtdsks require the most training? Thus, criticality has been subsumed

under the next major analysis, Learning Deficit.

2.2,2 Learning Deficit. This analysis essentially involves

determining the relationship between the level of proficiency that a

trainee has prior to training and the level of proficiency that is re-

quired in order to be able to perform the operational task to criterion

specifications. There are two procedures involved in this analysis:

(1) a determination of the "objective" difficulty of the subtasks in-

volved in operational performance; and (2) an assessment of the specific

deficits, in terms of skill and knowledge requirements, of the trainees.

The first determination involves a ranking of the relevant subtasks by

difficulty, independent of the specific trainee population. The second

assessment involves a rating, for each skill and knowledge requirement,

of the required level of proficiency and the hypothesized level of

proficiency of a given trainee population.
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Inputs for these analyses are again the subtask descriptions for the

operational tasks, and naturally, the training objective. In addition,

a list of the skills and knowledge required for each of the subtasks

serves as input, This analysis is performed independent of any

particular training device; Learning DefiLit depends solely on a

specification of what trainees must know at the end of training. As

mentioned above, "Criticality" now refers to those tasks which have the

largest learning deficits; these are the tasks that are most necessary to

have represented in any training device. The output of the Learning

Deficit analysis is a score representing the difficulty of a subtask,

weighted by the severity of the specific deficits on that subtask for a

given trainee population, As suggested above, it is possible to incor-

;xorate knowledge about auxiliary classroom instruction at this stage of

the overall dnalysis. For example, classroom instruction could provide

snme of the necessary knowledge that would otherwise contribute to a

greater deficit rating; this information would result in a chanqe in the

weights assigned to a particular subtdsk,

2,2.3 Train.nj echnLiePs. The third mijor ,inalysis involves an

assssment of the extent to which the various training steps in the

device utilize various principles and techniques of training. These

principles and techniques were generated from an analysis of the existing

training and transfer literature. The basic procedure is to compare a

specific devIce configuration aqainst these training techniques and

determine whether or no' (And to what degree) the device conforms with or

violates good practice.

The inputs to this analysis are unspecified in Figure 1. In effect,

any and all information obtained from the preceding analyses is con-

sidered as input; this includes the training objective, skill and

knowledge requirements, similarity ratings, and so forth. The principles

themselves have been rated with respect to empirical and theoretical

support.

12

t "



Logistically, the Training Technique analysis is a most time-consuming

activity; presently, there are approximately one hundred principles and

techniques to be evaluated for each subtask, for each device under consid-

eration. Various strategies have been employed to facilitate this

analysis. One technique is to categorize each subtask and principle into

an appropriate behavioral category (see Section 3.6, and Appendix A);

this reduces the number of principles scanned for each subtask. Another

technique is to divide the principles Into categories which pertain to

various aspects of performance. In the examples processed for the

present report, these categories were: stimulus parameters, response

parameters, and feedback parameters. Further modification and organiza-

tion of this analysis is being considered.

The output of this analysis is a rating, for each subtask, of the

potential effectiveness of a particular device for overcoming a specified

learning deficit in a given subtask. This output Is then combined with

the outputs from the Transfer Potential and Learning Deficit analyses to

produce a subtask device effectiveness rating. Finally. the ratings for

each of the subtasks are combined to produce an overall device effective-

ness rating.

Succeeding sections will further elaborate the derivation of Inputs,

the specific methodology for the processes, and the mathematical and

practicil rationale for the combinatory rules. The specific procedures

have implications for informational requirements of the model as well as

for experimental paradigms necessary to test it. Aside from the specific

application, however, we feel that the model in its present form incor-

porates the various considerations applicable to the evaluation of

training device effectiveness. While the adequacy of the procedures and

the relations between the various outputs remain to be empirically

validated, the concepts and constructs underlying the model were generated

from a thorough consideration of existing literature, expert opinion,

and practical guidelines of training. As such, the model can be considered

apart from Its specific application as the current best guess as to what

should be considered In the evaluation of a device.

13



3.0 PROCEDURES IFOR APPLICATION OF THE MODEL

3.1 Overview

In this section procedures are presented for application of the model

to oenerate forecasts about the effectiveness of trainirng devices, The

intention is to describe the analytic steps in sufficient detail to enable

others to apply the model. In the Army's case the required analyses would

be performed by personnel experienced In task analysis and in derivation of

training objectives. In the following portions of this section (3.2-3,6) five

bNisic analyses are described including: Task Comiunality analysis (3.2),

1Physi('al Similarity analysis (3,3), Functional Similarity analysis (3,4),

Leirnint' Deficit analysis (3.5), and Trdining Technique assessment (3,6).

In the final portion of this section (3,7), procedures are presented for

determining suwimary index values for the three components of the structural

model: Transfer Potential, Learning Deficit, and Training Techniques.

Each analysis is described acMording to a standard format. First,

the input datd requiremnents are indicated and the steps necessary to generate

these inputs are discussed. Nedt, the specific procedural steps involved

in conducting the analysis are describei. Examples are ,liven of how

.w.tual input data were analyzriS by the project stafl. The results

of this appl ication are presented along with a discussion of the loasibillty

of obtaininq the required input data, the reliability of the procedures

follnwed, and the problems encountered and their resolution,

In each instance when a spe•1fic analysis was attempted, the %ame

test.bed was employet. The' effr-ctivenes. of four devic'es in meeting two

different training objectives was determined, The training devices con-

sistvd of: (I) the 17-4 Burst-on-Target Trainer- (2) the 17-B4 Burst-

on-Target Trainer; (3) the M55 Conduct of Fire Trainer; and (4) SIMFIRE.

The tasks underlying the two training objectives were: (1) "fire the

main gun (M6OAI tank) using the M-32 sight"-, and (2) "apply burst-on

target adjustment of fire using the M-32 sight."

3.2 Task Cow nual1t Analyis _LTCAI

As indicated above in Section 2.0, the first major analytic step

In applying the model is to conduct a Task Communality analysis. The

14



basic purpose of this first step is to describe the overlap in training
content which exists between the operational situation and any designated
trdining device. The amount of this overlap is crucial since it is as-
sumed that the potential for transfer of training (see Figure 1) will
increase as a direct function of the degree to which criterion task
relevant content Is contained within the training device.

Specifically, overlap of content refers to the degree to which sub-
tasks comprising the operational criterion situation (i.e., fire main gun
using M-32 sight) are represented in the device. On this basis communality
is said to exist when the trainee can perform and practice a subtask in
the training -situation which is also performed n the operational
s-ituation.

3.2.1 Data Reiietsents. The first and most basic data require-
ment in conducting TCA, or any of the other analyses for that matter, is
a detailed statement of the training objective. The Importance of
satisfying this requirment cannot be emphasized strongly enough, As
implied in Figure 1 above, it Is the stated training objective which
serves to focus attention on a specific criterion situation including:
1) the precise nature of the task to be learnedi 2) the conditions of
task performance during transfer- and 3) the performance standard(s) to
be met, Information on each of these aspects of the stated training
objective is vital for application of different portions of the model.

The procedures for developing a detailed statment of the training
objective have been formalized and are presented in CON REG 350-100-1
(1972) and CON PAM 350-11 (1973). As will be discussed In a later section
of the report, however, this formal detailing is not typically done dur-
ing earliest stages of device development. Consequently, the sUttments
"of training objectives which accompany Training Device Requirement (TOR)
documents are often frapwntary and of a very general nature. This lack
of detail impacts upon application of the model early in device develop-
ment.
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There Is a second major data requirement for TCA, Detailed task-

analytic infortiition is needed regarding the operational criterion task

which has been specified in the training objective; similar data are needed

r(;,irdinq the training task itself. ror TCA, identification and listing of

the suhtasks comprising the operational criterion task and the training

task are essential,

In order to generate such data the general approach described in

CON PAM 350-11 (1973) and the specific guidelines provided by Folley

(1964) and Chenzoff and Folley (1965) may be used. To provide Inputs

for TCA the approach is to break the operational criterion situation

down into successively finer units of description, stopping at what

constitutes the subtask level of detail. Based on Folley's (1964)

system of description, a subtask may be defined as an activity that is

p•loormed by !•.e prson and bounded by two events. An example of a sub-

task might ."-•'"pon receipt of the alert element of a fire conemand,

sets turret power switch to the 'ON' position". An event may be defined

as a discrete and identifiable act or occurrence., Examples would be,
"receipt of alert element" and "switch in 'ON' position". An activity

is defined as the behavior(_ c•prsina subtask, such as "setting a

switch". A task is defined as a set of two or more subtasks (e.g., "fire

nmain gun using the M-32 sight") and, finally, a _,ystnoblock is defined

as a set of tasks occurring at about the same time In sIste_ operation,

al I.directed toward acheyin the sam.e sub-objective in the In.eration,

For the applications of the model described in the current report,

task descriptive data generatedJ by the U.S.A. Armor School, Fort Knox,

Kentucky, by Powers and McCluskey (InT7), and hy the project team were subjected

to the detailing described above. From among the 65 general tasks as-

sociated with !405 I1E (Armor Crewman), one was chosen for study: "Fire

M60/M60AI Main Gun". This system block was comprised of 15 tasks, two

of which were selected for analysis. As previously indicated, these

consisted of: 1) "firing the main gun with the M-32 sight"; and 2) map-

plying the burst-on-target (BOT) method of adjusting fire using the M-32

sight". Each task was then analyzed in order to generate i listing of

16
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its component subtasks, The results of this analysis, shown in Table 1,

served as the primary input to TCA.

3.2.2 TCA Procedure. The first step in TCA is to construct a task-

communality matrix as shown in Table 2. Task and subtask information
about the operational situation is listed down the left margin. The

training devices to be assessed are listed across the top of the page.
Notice that the listing of devices is repeated in order to permit

separate analyses to be performed with respect to potential and actual

communality. Potential communality addresses the overlap between sub-

tasks in the training and operational settings which could conceivably

exist, regardless of how the device is currently used, As such it

represents a maximum estimate, When data are available describing how

the device is actually used (i.e., which subtasks are practiced) a

second estimate of cootunhlity is possible. This second estimate will

be the more accurate of the two, but will usually be available only in

cases where a prototype of the device is in use. (It is even conceivable

that the same device, evaluated at two different locations, could produce

different TCA estimates, due to differences in device utilization.) In

any event, comparison of the two analyses may prove useful. When a large

discrepancy exists between potential and actual commnunality, it may

indicate the desirability of revising current methods of utilization in

order to take better advantage of the device's potential for positive

transfer.

The second step in TCA consists of a listing of the subtasks com-

prising the training task. This listing is accomplished separately for

each task and device under consideration. For accuracy and to insure

reliability it is suggested that this step be carried out formally.

Potentially valuable information may be overlooked if one simply

considers each operational subtask and makes a guess about its inclusion

In the device.

Armed with lists of subtasks for the device and operational setting,

one can perform the third and crucial step in TCA. For each operational

17
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TABLE I

SUiBTASK LISTING FOR MAJOR TASKS IN THE OPERATIONAL SITUATION

TASK: Fire main gun using primary sight (M-32),

Subtasks:

1. Upon receipt of the alert element of the fire command, places turret
power switch in "on" position, (Alert)

2. Upon receipt of the ammunition element of the fire commnand, places
main gun power switch in "on" position and coaxial machine gun
switch to the appropriate position. (Select Gun)

3. Index appropriate ammiunition into the computer, using the ammunition
rselector control. (Index Computer)

4. Upon receipt of the target element of the fire command, monitors unity
window for target, and, when located announces, "Identified," (Monitor)

5. Upon receiving control, operates controls to place cross hairs of
sight on center of target vulnerability, (initial Aim)

6. Tracks target. (Track)

7. Upon receipt of execution element of fire command, checks final lay
of the gun and applies appropriate lead. (linal Aim)

B. Heirs, "Up," announces, mOn the way," pauses one second, and squeezes
trigger, (Fire)

TASK: Adjust fire using Burst on Target (M-32 Sight).

Subtasks:

1. Upon firing, monitors sight for target and relays as necessary to
reacquire the original sight picture. (Relay)

2. Senses the round (observes burst in relation to target, and determine%
new aiming point on reticle) and begins to relay. (Sense)

3. Operates controls to place new aiming point on center of target
vulnerability. (Apply BOT)

4. Tracks target. (Track)

5. Hears, "Up," announces, "On the way," pauses one second, and squeezes
trigger. (Fire)

18
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subtask listed along the left margin of the task-communality matrix, the

analyst scans his list of training subtasks. If, in fact, a device could

or, does enable the trainee to prdctice the subtask in question, d "I" is

entered in the appropriate cell under the device. However, if that

particular subtask is not represented, a "0" is entered. This process

is continued until all operational subtasks have been evaluated,*

In making Judgments about communality it is important to remember

that the only consideration is whether or not the essence of the opera-

tLional task is represented; in general the judgment will he based on the

activity or behavior coitiprising the subtask, The issue of how well or

how faithfully the subtask is represented is dealt with during Similarity

analysis,

3..3J Results. The results of the Task Conimunality analyses are

presented in Table 2 for each of the devices under examination. The

task conunnality indices indicate that communality is quite high for all

of the devices examined, and highest for those devices (e.g., M55 and

SIMFIRE) which make use of the M6OAI tank itself. The 17-4 and 17-h4

devices exhibit less cori~unality, primarily due to the fact that they

do not simulate moving targets, making it impossible to train tracking

(subtasks 1-6, and 11-4). It will also be noted that potential conmiu-

nality is slightly better than actual comimunality. This occurs for two

reasons,

First, in this application it was assumed that the trainee does

not index anununition (subtask 1-3) in the two tank-based devices,

Second, in actual use none of the devices compels the trainee to reacquire

his original sight picture after firing the main gun (,subtask 11.1),

The results if both TCA's are retained and carried forward for use in

compiling summary indices.

*In some cases there will be additional subtasks associated uniquely
with a device and not found in the operational setting. These sub-
tasks should be footnoted at the bottom of the task-coumunality
matrix, and retained for further analysis.
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3.2.4 Evaluation. In general, TCA proved to be straightforward,

there being few problems in actually making the ratings. Rating ease

was undoubtedly facilitated by the dichotomous nature of the decision,

either the subtask was represented in the training device or it was

riot.

It should be emphasized, however, that successful application of

the TCA procedure requires rather detailed task-descriptive ;tatenents

for both the device and the operational equipment. After careful review
of a number of Training Device Requirements (TOR'S) provided by the Amy,

the project staff was of the opinion that the level of detail currently
provided in these documents would be generally inadequate for a detailed

subtask comnality analysis. This point is underscored by the fact
that the only difficulties encountered in making the ratings on existing
devices were due to incomplete information about the device on the part

of the staff. Most of this difficulty was experienced by staff members
who had not actually seen the device in question. These difficulties
were readily cleared up by other staff members more familiar with the

device. Consequently, TCA is judged feasible given that the required

task-descriptive input data can be generated.

In Table 2 inter-judge aqreement data are shown within each major

task for the four devices. Communality Judgments were obtained inde-

pendently from four staff members who had advanced training and extensive

experience in the behavioral sciences, The reported .uefftcients
represent the proportion of cases in which the judges were in complete
agreement. Thirty-two Judgments were obtained for each device during the

analysis of Task 1; during analysis of Task II, 20 judgments were made.

In general, interjudge agreement was quite high. A high degree of

confidence can be placed in the reliability of the procedure for per-

forming TCA. Of the disagreements that did occur, the vast majority

again arose when a Judge had an erroneous impression of what a device

did or did not do.
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3,3 PN sical Similarity And lMs (PSA)

The second major analytic step in applying the model consists of

Physicdl \ifmlildrlty analysis. This analysis is derived trom several

traditional fidelity-type measures, and deals in some detail with the

similarity between physical characteristics of the training device and

thu.e of the operational situation. The assessment is based on the

physical similarity or fidelity of displays and controls in the training

device relative to those io the operational equipmient.

3.3.1 Data Requirteents. The detailed task descriptive data

developed diring TCA for both the training device and the operational

equippient are used to generate a list of controls and displays relevant

to each subtask. These lists constitute the basic input to PSA. A

disj).py is defined as an information source or tranmttter, and a control

,is an infortnation receiver which must be . yticalvy. operýItodon. Infor-

nmtion is defind in the inforrtation theoretic sense used by Fitts and

Pusner (1961). A control or display is included in the list. generated

for each subtask if it either transnits or receives the information in-

wMvYLd In pertorvhdtflte of the subtask.

In Table 3, the two major, tasks together with their subordinate

.ubtasks are listed along the left margin. Under each subtask the dis-

plays (D) and controls (C) invo•ved directly in subtask performance are

,1 so listed. In subtask I-1, for example, infortnation is transmitted

by I) an earphone displaying the alert elenment of the fire corrinand;

and 2) by the momentary on/off position of the turret power toggle

',wltch. The control in this subtask consists of the turret-power toggle

swituh itself.

3.3.2 .S.A Procedure. For each suotask, a rating is made on each
relevant control and display which describes how well it is represented

in the training device. While ratings of subtasks lacking in communality

are not u~.ed directly, it is generally useful to make ratings for all

subtasks. The ratings of physical similarity are made along the following

four-point scale:
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TABLE 3

SIMILARITY ANALYSIS

S iI A ritj
TASK I: Fire Main Gun (M-32 Siht_ Ph sical Functional

1, Alert 17-4 84 M55 SIM 17-4 B4 M55 SIM
S ones (gunner) 0 .3 3 T

02 On/off pos of turret power,
switch 2 2 3 3 3 3 3 3

Cl Turret power toggle switch 2 2 3 3 3 3 3 3

2. Select Gun
Dl rirphoe -s (a mimo) 0 0 0 0 3 3 3 3
02 On/off po', ol Main Gun Toggle

Switch 2 2 3 3 3 3 3 3
V3 On/off pos of coaxial machine

•lut swI tch t 2 3 3 3 3 3 3
Cl Main gjun toggle switch 2 2 3 3 3 3 3 3
C2 Coaxial machine gun switch 2 2 3 3 3 3 3 3

3, I11wex Comlputer
D ,3tII V(C C -2Td R0 0 0 0 0 3 3 3 3
D., Indexing Window 2 2 3 3 2 2 3 3
D3 Indexinq handle feedback 1 1 3 3 1 1 3 3
C1 Itdexing handle 1 1 3 3 1 1 3 3

4. Moni tor
[ I uaro-6ies (target) 0 0 0 0 3 3 3 3
0, Unity Window 2 2 3 3 2 2 2 2
C, Microphone (identified) 0 0 0 0 3 3 3 3

5. Initial Aim
,) ýaJTMa"fT control feedback 0 0 3 3 0 0 3 3
02o M-32 Sight (target) 2 2 2 2 2 2 2 2
)3I Reticle 2 3 3 3 3 3 3 3
C1 Cadillac elevatiqg-traversing

control 1 3 3 3 2 3 3 3
C2 Palm switches 0 3 3 3 0 3 3 3

6. Track
01 9"J Sight (dynamic target) 0 0 2 2 0 0 2 2
D2 Reticle 2 3 3 3 0 0 3 3
Cl Cadillac elevating-traversing

control 1 3 3 3 0 0 3 3
C2 Palm switches 0 3 3 3 0 3 3 3

23

.m



TABLE 3 (Cont'd)

SIMILARITY ANALYSIS

Phys ica I Functional

17-4 B4 M55 SIM 17.4 B4 M55 SIM
7. Final Aim
0•W i-ph'oie.' (fire) { 0 0 0 o 3 3 3
0D; Prtilry i ght (target) 2 2 2 2 2 2 1 1
U3 Re t.f ( 11, 2 3 3 .3 3 3 3 3

SCad di I l!,c vIevvttinq -travers raJ
c:ritrol 1 3 3 3 2 3 3 3

LC. Palm switche. 0 3 3 3 0 3 3 3

i, F re

h (up) 0 0 0 3 3 3 3
C1 Microphone (oi the wy) 0 0 0 0 3 3 3 3
C' I Yo wi tNhe 2 3 3 3 3 1 3 3

TASK II: A diu - _u.•".. UJsn . .ýtM- ý3 !.jhýt)

-1 Ir'v feet'dbtL k (roc W-b ln() 0 0 0 0 0 0 0 0
Ih. •43 Siht. (t4r'let) . 2 i2 2 2 2 2

DS Re t2 i , I 3 3 3 3 3 3 3
C(1 CadI 1lac eIev~ti ti n-trav(',r,' inq

C oin tro l 1 3 3 3 2 3 3 3
C Palm iwit ch'., 0 3 1i 3 0 3 n 3

D I f4•"•"giht (kirst) 1 1 1 I 1 1 1 1
D, M-32 siqht (tarqet) 2 2 2 2 2 2 2 2

.3 M-32 sioht (reticle) 2 3 3 3 3 3 3 3

3 Apply I oT
0I M2T-jFt ( trqet) 2 r q e2 2 2 2
D)0 Reticle 2 3 3 3 3 3 3 3
C, Cadillac elevating-traversing

LUrltvol 1 3 3 3 2 3 3 3
C2 Palm switches 0 3 3 3 0 3 3 3

4. Track
D I -1-•-sight (dynamic target) 0 0 2 2 0 0 2 2
02 Reticle 2 3 3 3 3 3 3 3
C1 Cadillac elevating-traversing

control 1 3 3 3 2 3 3 3
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TABLE 3 (Cont'd)

SIMILARITY ANALYSIS

Similarity

Physvical Functional
17- IT--

17-4 B4 M55 SIM 17-4 B4 MS5 SIM
C2 Palm switches 0 3 3 3 0 3 3 3

5. Fire
D1 rphones (up) 0 0 0 0 3 3 3 3
C1 Microphone (on the way) 0 0 0 0 3 3 3 3
C2 Trigget' switches 2 3 3 3 3 3 3 3

Initial interjudge agreement
(3 of 4 agree) .66 .76 .97 .86 .79 .86 .71 .75

Consensual inter udge agreement
(4 of 4 agree) .93 .93 .93 .93 1,0 1.0 1.0 1.0

i2
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Ra tn Definition

3 Identical. The trainee would not notice a difference

between the training device control or display and the

operat iona 1 control ur display at the time Of transfer, Note

that they need not be absolutely identical, but there must be

no "Jnd" (Just noticeable difference) for the trainee, Include

for consideration the location, appearance, feel, ind any other

j~~#sia!. characteristics. Ignore the daount and quality of
inforrwntlon transtnitted.

Similir. There would be a jnd for the trainep. at the time of

transfer, but he would be able to perform the task. lt.-re

niitiht be m decrement in perforniance at transfer, bkt any '.u.h

decrement would be readily overcome.

I Dissimilar. There would be a large noticeable differet;ce,

quite apparcnt to the trainee, at tranfer, and i larqe

;rf`or'Mance decrmnent, given that the trainee tcuuld iperfor!1

at ,•o, Specific instructiun and practice would be required

on the operational equipment after tran,;fer to uvercome the
i,,•. d (i• r •eten t.

0 The control or display is not repreented at all in the train-

inq device,

The ratings are then entered in the appropriate cell of the task

similarity at.rix (see Table 3).

3.3.3 Rvesults, The ratinics of physical simil,irity for the displays

"anti controls associated with each subtask are shown in Table 3 for the

four training devices under consideration. Notice, as one might expect,

that the training devices which make use of the actual operational equip-

ment (e.g., M55 and SIMFIRE) rate quite highly in terms of physical

similarity. The 17-4 and 17-B4 devices tend to have somewhat lower

ratings. This is particularly true, for Instance, in subtask 1-1

where earphones are not used, and in subtask 1-5 where cadillac control

(jerk) feedback is simply not present.
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Once the ratings for each subtask are completed it is possible to

generate a summary index of display-control similarity at the subtask level

within each device. First th". mean rating for the subtask is obtained, by
summing the ratings and dividing by the number of displays and controls

rated for the subtask. For example, the average rating for subtask 1-5 as

represented in the 17-4 (see Table 3) is obtained by summing the 17-4 simi-

larity ratings for the 1-5 displays and controls (0+2+2+1+0 - 5), and dividing

by the number of displays and controls rated in subtask 1-5(s), providing

an average rating of 5/5 a 1. This average rating will always be a positive

number between 0 and 3; to provide a similarity index scale ranging from 0

to I the average rating is divided by 3. For subtask 1-5, the 17-4 gets an

index value of (5/5)/3 - .33; the same subtask receives a higher physical

similarity score as represented in SIWIRE, i.e., (14/5)/3 a .93,

3.3.4 Evaluation. The feasibility of performing PSA was related to

the availability of detailed task-descriptive data on the one hand, and on

the other to the analyst's familiarity with the operational equipment and
training device, Conducting PSA on the basis of information contained in a
TOR would be difficult unless data were available from other sources about

the displays and controls comprising the operational gear. These inputs

coupled with statements abut the degree cf realism planned for a device

might permit PSA to be performed.

The same four judges who performed TCA also were involved in PSA. As

shown in Table 3 reasonably high interjudge agreement was obtained for the

four devices. In rating 29 different controls and displays, initial agree-

ment among at least three out of four judges was obtained between 661 and 97%

of the time, Following resolution of definitional problems the agreement

among all four judges reached 931. Most disagreements resulted from one of

two sources. Analysts were occasionally misinformed about displays and con-

trols in either the operational or training context. Additionally, there

was some difficulty in distinguishing between scale values of "I" and "2".

In the future it may be appropriate to collapse these two rating points.

3.4 Functional Similarity Analysis (FV )

The next step in using the model Is conducting a Functional Similarity
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analysis (FSA), As Indicated above, traditional fidelity measures typically

concentrate on the representation of controls and displays, and ignore the
behavior required of the operator using the equipment. The activities of

the operator would see to be at least as important for training as the

phykd.l characteristics of the control% and displays used to carry thein

out, The present analysis has been developed to assess the adequacy of

representation of those activities in the training device.

The% functional simil4rity analysis examines the operator's behavior

In terms ot the information flow from each display to the operator, and

from the operator to each control, This examination Is made ini terns uf the

,Ill.uft of inforliation transmitted (Fitts and Posner, 1967) fromi each display

to e•ch controI (reyardles% of the actual operational node of transmission

or receptiun) . and the typ.p, of information-pro('essinq activity perfortmd by

the, operator, Thus, regardless of the physical characteristics of i control
Or display, the issue is whether the operator acts upon the same amount of

iforrmition in the same way in both the operational and tr.iining Oituations.

.1.4.1 Data Requirements, This analysis makes use of the subtask
i.,,%.ription% arnd -, list of the controls and displays in the operational

,, tiat ion. These Inputs are used to yencrate a flow diagram of each sub-

tvk whith indicates the type, ainount., ind direction of information flow

for i-a,.h ••ontrol and display, Each situation in which a display transmits

information to the operator (e.(I,, the operator reads the display) •s de-
fined is a stimulus function, and each situation in which the operator

transmi ts Information to a control (ny, operates it) IS te:rme(d a r(..jýonsoe

functi on. Thus, the derived input for the Func:tional Similarity analvsis

i% the list of Information-processing functions indicated by the controls

,ind displays of the operational situation.

3.4.2 FSA Procedure. In each subtask, the number of bits of in-

fura.tion is determined for each stimulus and response situation, by

estimating the number of states which the display or control may assume.

The am•unt of information in the operational setting (H ) is equal toOs
loq 2 of the number of states in the stimulus or response functions under

consideration, The amount of information In the traininq setting (His) H
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for each of the corresponding functions Is estimated in the same way

for each training device. Each stimulus and response function is then

rated according to the following four-point scale:

Hatin~ Definition

3 Identical. Hts W Hos.
2 Similar. Htso Hos, they are within one log 2 unit of each

other.
I Dissimilar. Hts 0H os; they are more than one log2 unit

apart,

0 Missing, Hos O0 and Hts 1 0.

In certain cases, ratings of 2 and I will be assigned to situations

that have been purposely made unequal by the device designer in order to

implement some training technique (e.g.. augmented feedback or guidance).

Such cases should be noted for consideration in the Training Techniques

stage of the analysis. In other cases ratings of 3 will be assigned

when the amount of information is the same or nearly so, but when the

form of the information is radically different. For example, in the

operational task the operator might index ammunition by pulling and

turning the index handle, This handle could assume 6 positions;

therefore, indexing ammunition is a log2 6-bit task. In a training

device, the same six alternatives might be present; however, ammunition

might instead be indexed by pressing one of six buttons. The trainee
might. process this different information in a completely different way,

or use a different strategy to deal with it. Such cases should also

be noted for later consideration.

3.4.3 Results. The ratings of stimulus and response functions

(denoted by the corresponding control or display) for each subtask for

each of the four devices under consideration are also presented in

Table 3. Notice that in some cases where the physical similarity is

rated low, the functional similarity Is high, while in other cases the

two kinds of similarity correspond to one another quite well. The fact

that there are differences suggests that this kind of analysis may be

a valuable adjunct to the analysis of potential transfer.
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Once again the separate ratings for each subtask may be compiled into

an index which sumrmarlzes functional similarity at the subtask level with-

in each devite, This is done following the procedure already described

for PSA,

3.4.4 Evaluation. The functional similarity analysis was performed

Independently by the same four members of the staff. Their experience

suggested that FSA may be a little more difficult than the PSA, but not

prohibitively so, It is crucial that the rater understand the formal

cuncePt of information transmission, and that he be able to describe

explicitly the information flow situation under scrutiny, It was

found that in most cases the formal step of drawing an information flow

diagram was not necessary, but that on occasion it would greatly assist

raters who did not have extensive experience with information theory.

An understanding of types of information-processing activities (e.g.,

infortmtion reduction, information conservation, etc.) also aided

analysts In refining their judgments.

Thus, cgiven the list of control and display functions, the infor.

mation-flow diagrams, and tht- detailed task dectiptions, the functional

similarity ratings are judged to be feasible,

The proportion of interjudge aq rreoent is pre',,•t-,d in TI bl., 3 for

each training device. Disagreements arose from three sources:

1) misunderstanding about the %ituation being rotted. 2) mlsundertUnding

about appropriate application of informa•tion measurenent to the

situation, and 3) an inability to discriminate between the values "2"

and "I" on the scale when the amount of inforimation was relatively

large (e.g,. in a real-world visual display), The four sets of ratings

were resolved by consensus, and the resolved ratings are those presented,

3.5 Learning Deficit Analysis UDA.

In order to predict the effectiveness of training devices, it was

demonstrated in the first report in this series (Wheaton et al., 1976)

that the analyst must not only compare the content, and physical and
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functional characteristics of the operational situation and training

devices, but must also consider the student to be trained. It is

imperative that his capabilities be evaluated relative to the required

performance criterion on the operational task. Learning Deficit

Analysis (LDA) is designed to provide this assessment.

The learning deficit analysis consists of three procedures to:

(I) assess the skills and knowledges in the student's repertory before

training, (2) determine the skills and knowledges which he must possess

at the time of transfer to the operational setting, and (3) estimate the
difficulty (in terms of training time) of training the necessary skills

and knowledges. The output of this stage of the analysis is a number

for each subtask indicating the deficit possessed by the typical

trainee, weighted by the relative difficulty (in terms of estimated

training time on the operational equipment) of surnmunting that deficit.

3,5.I DataReguirements. In order to perform LDA a list of skills

and knowledges necessary for the adequate performance of each subtask is

generated, Beginning with the task descriptive data which provides

information about actudl performance of the subtask on the operational

equipment, a sentence is written which describes the activity making up

each subtask. From this statenent, a list of skills and knowledges is

developed for each subtask. The distinction between sk011% and know-

ledges is not critical in this andlysis, and is made only for the

convenience of the analyst. Note that the information input into this

analysis (and correspondingly Its output) is referenced only to the

operational criterion task and to the kind of trainee expected. It

is entirely independent of any particular training device, and, unlike

any other portion of the model, must be performed only once for each

subtask being considered, regardless of the number of devices being

compared,

3,5,2 Procedure. The Learning Deficit Analysis begins with the

application of a rating scale to estimate the "amount" of each skill

or knowledge which the average trainee (of the type selected for course
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enrollment) could be expected to have upon his first exposure to the

training system or device. It is very important for the analyst to

keep in mind when he makes his ratings that the trainee may have had

some classroc, training before his exposure to a given training device.

If what the student learns In the classroom is ignored, LDA will indicate

a deficit larger than may actually be the case, and the model will be

making a prediction regarding the effectiveness of the training device

without supporting classroom instruction. While this use of the model

is permissible, the analyst will more likely be interested in the ef-

fectiveness of the device in concert with classroom support, in which
case deficit to be overcome by exposure to the device will be smaller.

This latter type of assessment is clearly fairer to the device, since

it is obvious that some things are more effectively trained in the

classroom. The following Rte.toyq Scale (RS), adapted from Demaree

(1961), is used to describe the level of each skill and knowledge in

the student's repertory prior to the start of fornal training:

Rat nj Defn ni tion
0 No experience, training, familiarity, etc, with this skill

or knowledge, Cannot perform a task requirinq thik skill or

knowledge.

Has only a limited knowledge of this subject or skill, Has

not actually used the informiation or skill. Cannot be ex-

pected to perform, Has had "orientation" only,

2 Has received a complete briefing on the subject ur skill.

Can use the knowledge or skill only if assisted in every

step of the operation, Requires much more training and

experience, Has received "familiarization" training only.

3 Understands the subject or skill to be performed. Has

applied part of the knowledge or skill either on the actual

job or a trainer. Has done the job enough times to make sure

he can do it, although perhaps only with close supervision.

Needs more practice under supervision. Has had "procedural"

training.
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Definition
4 Has a complete understanding of the subject or skill, Can

do the task completely and accurately without supervision.

Has received "skill" training.

After the analyst has assessed the level of skills and knowledges

in the trainee's repertory, he proceeds to determine the required "amount"

of each skill or knowledge which the trainee must possess at the close of

training and time of transfer. The following Criterion Scale (CS),

adapted from Demaree (1961) is used:

Ra~t i.n Def tn Iion.

0 At the end of training, the trainee should hdve no experience

or training.

Should hMve a limited knowledge of the subject or skill, Has

not actually used the information, Is not expected to perform

the task. Has completed "orientation" training.

2 Should have received a complete briefing on the subject or

task. Is able to use the knowledge or skill only if assisted

in every step of the operation. Requires much more training

and experience to be able to perform the task independently,

Has had "familiarization" training,

3 Should have an understanding of the subject or skill to be

performed. Has applied part of the knowledge or skill on

the actual job or a trainer. Has done the job enough times

to make sure he can do it, although perhaps only with close

supervision. Needs more practice under supervision. Has

had "procedural" training.
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Rat~j n DefinItion

4 Should have a complete understanding of the subject, or be
highly skilled. Is able to perform the task completely,
accurately, and independently. Has had "skill" training.

After knowledge and skills have been rated on both the repertory
and criterion scales, the analyst calculates the learning deficit by
subtracting the repertory rating (RS) from the criterion rating (CS) for
the knowledge and skills underlying each subtask. Negative differences
are set equal to zero, since they indicate that the trainee enters
training with more proficiency than is necessary, and so has no deficit.
The difference scores thus range from zero to foue, the larger dif-
ferences representing larger deficits. The difference scores are
averaged within each subtask (collapsing across skills and knowledges
in each subtask) to obtain a mean subtask deficit.

The deficit score by itself ignores the fact that some skills and
knowledges are more difficult to acquire than others, and thus some sub-
tasks may be more important to train than others. Presumably, more
difficult subtasks are more critical for training, takinq more time to
train, and requiring more effective training. Therefore, the next step
in the LDA procedure is to rank the subtasks in terms of estimated train-
ing time, assuming that only the operational equipment would be available
for training. The analyst begins by seeking out the subtask whose estimated
deficit would require the least training time on the nperational equipment,
and assigns it a Difficulty/Criticality rank of m"I. The subtask re-
quiring the next smallest amount of training time for surmounting its
associated deficit is assigned a rank of "2", and so on, until all sub-
tasks have been ranked. Next, the mean subtask deficits are multiplied
by their corresponding ranks, to obtain a weighted learning deficit score.
Finally, each such score is divided by 4 times the number of subtasks, to
provide an index between 0 and I which reflects the size and importance
of the deficit on each subtask relative to the other subtasks being
analyzed.
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3,5.3 Results. The list of skills and knowledges for each

subtask is presented in Table 4 along the left margin. These are

coded as "KI, K2,,.." for the knowledges involved in subtask 1, '51, S2, "

for the skills involved in subtask 1, and so on. Table 4 presents the

difference between CS and RS ratings for each skill and knowledge, the

mean subtask difference scores, the subtask inean rank weights, and the

weighted learning deficit scores as described above.

3.5.4 Evaluation. The Learning Deficit Analysis was performed

independently by four senior members of the project staff, Performed

in the mainner descrlbrd above, it presented no significant difficulties,

with the possible exception of the generation of skill-and-knowledge

lists, This would not seem to be a critical problem, since slightly

different Iists would be expected to lead to similar mean deficit scores.

The same starf members performed the analysis in an alternative way,

rank ordering indiyidual skill% and knowledge, instead of subtasks, and

weighting the CS-RS difference scores before collapsing within each

subtask. The scores obtained in this way were highly correlated with the

weighted le?,rning deficit scores presented In Table 4. The correlations

between pairs uf Judges ranged from .90 to .99, so that this more laborious

procedure was felt to be unnecessary.

InterJudge differences in CS and RS rating scores were quite small

and unsystematic, so ratings were averaged dcross the four judges. Inter-

Judge agreement about subtosk ranks was also quite high (correlations

ranged from .85 to .99), and so ranks were averaged across judges in

Table 4. Since similar high correlations on rating scores and ranks are

expected in future applications, the averaging procedure (as opposed to

resolution by consensus) has been tentatively adopted for this analysis.

3,6 Trainin Techniques Ana.Lyis__(TTA)

The next step in predicting training device nffectiveness Is the

Training Techniques Analysis. Many current devices have incorporated

special features which are presumed to facilitate training beyond the

level possible on the operational equipment. Given the high costs
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TABLE 4

LEARNING DEFICIT ANALYSIS

Subtask Weighted
Difficulty Learning

Mea1 Mean Deficit
CS.RS CS-RS Rank Score

Task I: Repertory Item List (to be
completed within S seconds for
stationary target, 15 sec. for
moving)

A-i Know procedure
X-2 Know control and displdy

locations
X-3 Operate M-32 sight

.)ubtask I: Alert 3.1/ 1.38 .14

KI: X-I 3.50
K': X-2 3.75
S,. Operate control blindly 2.25

Subttsk 2: Select Gun 3.31 2.75 .28
kl: X-1 3.50
K: X-2 3.75
ý3: Aniuo-to-index value trans-

fomnation 3.75
SI: Operate control blindly 2.25

A.;btdSk 3: Index Computer 3.,15 3. i• .45

KI X-I 3.7 5
K2: X-2 4.00
K3: Ammo-to-lndex value trans-

formdtion 3.75
S1. Operate control blindly 3,50

Subt,:1. 4: Monitor 3.00 4.838 .46
X-I 2.75

K2: X-2 3.75
K3: Target descrIptors-to-target

transformation 3.00
Sl: Recognize targets visually 2.50

Suhtask 5: Initial Aim 3,3R 6,25 .66
KI: X-I 3.25
K2: X-2 3.75
K3; "Center of vulnerability" 3.25
Sl: X-3 3.50
S2: Aiming 3.00
S3: Detect transfer of control 3.50
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TABLE 4 (Cont'd)

LEARNING DEFICIT ANALYSIS

Subtask Weighted
Difficulty Learning

Mean Mean Deficit
C%*RS CS-RS Raink .. Score

Subtask 6: Track 3.50 7.50 .82
KI: X-1 3.50
K2: X-2 4.00
Sl: X-3 3.75
S2: Tracking 2.75

Subtask 1: Final Aim 3.42 7,25 .77
KI: X-1 3.50
KQ: X-2 4.00
K3: "Aim-off" 3.50
K4: "Lead" 3.00
$1: X-3 3.50
S?: Aiming 3.00

Subtask 8: Fire 2.67 211? .18
KI: X-1 3.25
K2: X-? 3.75
Si: [sthinate one second 1.00

TIsk If: Repertory Item List (to be c(011-
•plted within 15 seconds for both
moving and stationary targets)

X-1 Know ProLedure
X-? Know control and display

locations
X-3 Operate M-32 sight

Subtask I ; Relay 3).P l 2 .50 .48•
KI: X-1 4.00

K?: X-2 4.00
SI: X-3 3.75
54: Aiming 3.50

Subtask 2: Sense 3.46 3.00 .52
KI: X-1 3.75
K2: X-2 3.75K3: "Sensing" vs. "non-sensing" 3.25

K4: "Do not announce" 3.50
SI: X-3 3.50
52: Sensing 3.00
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TABLE 4 (Cont'd)

LEARNING DEFICIT ANALYSIS

Subtaik Weighted
Difficulty Learning

Mean Mean Deficit
CS-RS CS-RS Rank Score

Subtask 3: Apply BOT 3.56 4.00 .71
KI: X-I 4.00
K2: X-2 4.00
SI', X-3 3.50
52: Aiming 2.75

,ubtask 4: Track 3,33 4,50 .75
KI: X-2 3.75
Sl: X-3 3.50
S2: Tracking 2.75

Subtask 5: Fire 2.83 1.00 .14
KI: X-1 3.75
K2: X-2 3.75
SI: Lstimate one second ).00
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associated with many devices it is precisely these features which justify

using the devices instead of training on the operational equipment. This

stage of the model attempts to assess the utility of such features, and

to determine which principles of acquisition and transfer are adhered too

and which are violated, in the design of the device. Thus, given common

content and good representation of the operational situation, the TTA

attempts to answer the question: what incremental training value does a

specific device possess over its real-world counterpart?

The Training Techniques Analysis relates the particular skills and

knowledges which must be trained for each subtask to a set of principles

and techniques which describe how best to train various kinds of content.

The techniques have been assemrbled from.a thorough review of the relevant

literature (see Appendix A), and are organized into a taxonomic matrix. 1
After Identifying the appropriate set of techniques, the analyst makes a

rating which describes the extent to which the device under examination

utilizes the relevant principles/techniques in order to train a given sub-

task.

3,6.1 Data Requireents, The task-descriptive data and the skills-

and-knowledges information from the Learning Deficit Analysis are required

for the first stage of the TTA. Subtask descriptions are then assigned

one or more of the following task-taxonomic labels (after US. Naval

Training Device Center, 1972):

I. Recalling facts and principles

2. Re.allIng procedures

3. Non-verbal identification

4. Non-verbal detection

5. Using principles, interpreting, Inferring

6. 14aking decisions

7. Continuous movement

8. Verbal detection and identification

9. Positioning and serial movement

10. Repetitive moveent 9

\ y. .,4"3
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11. Written verbalization
12, Oral verbalization
13. Other verbalization, including signs.

In toto, the required input data consist of the assigned taxonomic labels,

the descriptions of the training device, any available information on the

training system within which the device is embedded, and the set of

training techniques.

3.6.2 TTA Procedure. The set of training techniques is organized

along two independent dimensions. First, they have been coded according

to the taxonomic category to which they apply. Second, within each

taxonomic category, they have been further organized into techniques
relevant to stimulus considerations, response considerations, or feedback

considerations. Thus, by referring to the taxonomic label(s) which he

lis assigned to each subtask, the analyst can draw out those principles/

techniques which correspond to the set of relevant behavioral categories,
and sort them into three groups, stimulus, response, and feedback, With

the operational task information and the training device and system

inforimation before him, he rates the training device for each relevant
principle in each of the three categories. While performing the rating

operation, he should pay special attention to any items from previous
portions of the analysis which were "flagged" for attention at this

stage (e.g., see section 3.3.2). The ratings are made from the following

scale:

Ra it. De f i.nit ion

3 Optimal Implementation of this technique; in complete accord

with this principle,

2 Good implementation of this technique; in excellent accord

with this principle,
Fair implementation of this technique; good accord with this

principle.

0 This principle or technique was inapplicable or irrelevant.

OR
The device neither implemnted this technique nor violated
this principle.
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Ratin± Defini tion
-I Mild violation of this training principle; implesientation of

a mildly opposing technique.
-2 Serious violation of this principle or technique.

-3 Cotoplete violation of this principle; implementation of a
strongly contraindicated technique.

For each subtask, the lowest obtained rating for each of the
stimulus, response, and feedback considerations is selected, and these
three ratings are then averaged to obtain the training technique score
for the subtask. This score is then added to the constant 3 (to delete
negative signs), and is divided by 6 to provide an index between 0 and I
yielding the training technique score of the training device for each

subtask. Note that this index Is very conservative since it is quite
sensitive to violations of principles/techniques. This index was consid-
ered preferable to one based on all the ratings since the negative impact
ot violations of principles was considered most critical in determining

overall device effectiveness.

3.6.3 kesuolts. The outcome of the PTA is shown in Table S. The

table shows the taxonomic categories assigned to each subtask, as well
as the lowest ratings of the stimulus, response, and feedback components of

each subtask across devices. Also shown are the transformed and averaged
indices computed across devices for each subtask.

The patterns of averaged indices provide several kinds of informa-
tion. For example, the lowest index value (i.e., .00) is obtained on

subtasks 1-6 and 11-4 for the 17-4 and 17-B4 devices. The lack of a

provision for the training of tracking in these two devices accounts for

this rather low rating. On other subtasks, however, these devices raon-

pare favorably with the M55 or SIMFIRE devices (e.g., subtask 1-4).
Similarly, the SIMFIRE device receives a rating of .00 for subtask II-2

because its design limits the training which can be provided for "sensing"

the round. In this case, violations of training principles were noted

for the stimulus, response, and feedback aspects of the subtask.
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3.6.4 Evaluation. The Training Techniques Analysis was performed

in two stages: the assignment of the taxonomic labels to the skill and

knowledge components of subtasks, and the rating of the relevant

principles/techniques. Four members of the project staff independently

performed the first Stage, and found it to be relatively straightforward,

particularly if they were not constrained to assign only one label to

each skill or knowledge. The assignment of taxonomic labels was reasonably

consistent. Most interjudge disagreements resulted from incomplete

understanding of the behavioral categories denoted by the taxonomic

labels, It was not necessary to resolve disagreements of this sort,

since the effect of disagreement here was only to increase the number of

relevant principles to be noted. Since the labeling process was designed

only to save the analyst's time, it is felt that use of multiple labels

is satisfactory at the model's present stage of development.

The rating of the application of principles for each device was

conducted by two project staff members working together, so no direct

reliability data are available. Their impression was that while the assign-

ment of ritings wes time-consuming and awkward, the consensual Judgments

were fairly stable, A reasonable alternative to the present rating scale

is to assign the zero point to a given training configuration (e.g.. the

operational equipment) and assign Training Technique ratings to devices

relative to this standard.

This aspect of the procedures for application of the model is

currently under revision. The analysis itself is viewed as high in

potential for enhancing the predictive accuracy of the model.

3.7 Sumwa, Indices

The analysis described above (e.g., TCA, PSA, FSA, LOA, and TTA)

constitute a series of analytic procedures focused at the subtask level.

The Army, however, will rarely be interested in predictions of transfer

based on any one analysis, or for a single subtask. This section develops

the procedures for collapsing across subtasks to obtain the three indices

implied by the model: Transfer Potential, Learning Deficit, and Training
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Techniques. The obtained indices for these three components are presently

not used in calculating overall training device effectiveness, but may in

fact be diagnostic of a device's particular deficiencies or assets.

The problem of collapsing the indices across subtasks and analyses

is most easily viewed as a problem related to fuzzy set theory in logic

and mathematics. Any system including a training device, an operational

setting, and a training objective can be described in terms of a set of

attributes or properties (e.g., communality, similarity, etc.), which,

when taken together, contribute to transfer of training. The problem Is

to determine how to collapse the measures of each attribute so that they

reflect the global property, "transfer of training". The solution is

derived conceptually In the following sections (see Allen, 1974, for a

more formal presentation of the mathematics involved).

3.7.1 Transfer Potential Index. Transfer potential is defined in

the model as a joint function of communality (C) and similarity (S).

This transfer potential function is characterized by the notion that C

and S limit each other- i.e., sinilarity of non-communal subtasks does

not contribute to transfer potential, nor does conmunality without

similarity; but when a subtask is both in common with the operational

situation, and possesses some similarity, transfer potential exists. Such

an and relationship is described mathematically as a multiplicative

operation. Thus, for any subtask I, the transfer potential .f that sub-

task is defined as CI times S1. Note that this definition makes good

intuitive sense as well. When both C1 and S, are greater, than zero,

transfer potential is also greater than zero. If either is zero,

transfer potential for thta subtask is zero.

The relationship betreen subtasks is somewhat different. The

similarity In subtask I does not contribute to transfer potential in

subtask J, and the same holds for communality. Transfer potential for

the two tasks combined should increase as the transfer potential for

either subtask I or j increases. Or relationships are described

mathematically by addition. Thus, for any two subtasks combined,
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transfer potential could be defined as (C X SO + (Cj X S9. As
described in Sections 3.2 and 3.3, C1 and S1 vary between 0 and 1. In

order to scale this combined index between 0 and 1, it is then appropriate

to divide the sum by 2. In general, the overall transfer potential for a

s et of subtasks may be defined as N

' (C1  X S1)
St'l where N is the number of

, ~N ,

subtasks in the set being analyzed.

3.7.2 Learning Defic it Index. In section 3,5, an index for the

learning deficit of each subtask (D) was defined as the difference

between the Criterion Scale and Repertory Scale ratings, weighted by the

rank difficulty of the subtask and divided by a constant to scale it

between 0 and 1. Learning deficit for a task should increase when two

subtasks i and j are combined, provided that Di and D are greater than

zero, suggesting that addition across subtasks is appropriate. Therefore,

the overall learninq deficit index for a set of subtasks may be'defined

as

3.7,3 Train ingj Technicue_ Index. In section 3.6, an index (T) for

the contributions of training techniques in each subtask was defined as

the mean of the lowest ratings for stimulus, response, and feedback

principles. transformed by constants to scale it between 0 and 1. As

argued above, T for subtasks I and j should be independent. Therefore,

the overall training technique index may be defined as N
V (Tj)

Each of these indices is necessary in order to predict transfer;

but none by itself is sufficient, provided the others are available (see

Wheaton et al., 1974a, on the development of the structural model). What

remoains, therefore, is to indicate how one combines these three indices
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to obtain a single index which is capable of predicting transfer. This

is the subject of Section 4.0.
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4.0 PRDICTION OF TRAINING DEVICE EFFECTIVENESS

4.1 Introduction

The goal of the present project is to predict training device

effectiveness. The criterion selected for effectiveness Is transfer of

training (Wheaton, et al., 1976). This section presents the development

of an equation whose parameters are the outcomes of the analyses discussed
In Section 3.0. It predicts values whiich are components of a traditional

transfer of training formula (Gagnt, Foster, and Crowley, 1948).

4.2 Empirical Transfer

The formulae used to describe experimentally obtained transfer

effects have been discussed in the two previous reports in this series,

so only a brief review is necessary here. One of these formulae has
been tentatively adopted for use with the model. This formula (Gagnt,

et al., 1948) expresses transfer (iT) in terms of the savings in time,

trials, or errors achieved by an experimental group with pretraining,

relative to a control group with no pretraining, to reach a specified

criterion on the transfer task. This is formally expressed as

r- , where C is the number of trials or errors, or the amount of time

required by the control group to reach the criterion, and E is the

trials, errors, or time required by the experimental group to reach that

same criterion, after some amount of pretraining. For example, suppose

a control group was trained in main tank gunnery on the M60AI tank, and

required 25 hours of training to pass a gunnery proficiency test. An

experimental group is pretrained on a gunnery simulator, and then is

"transferred to the M60A1 tank, where they require 10 hours of additional

training to pass the same gunnery proficiency test. In this experiment,

transfer would be calculated as follows: C-25; EIO; r8,.0,-• .60,

indicating a savings of 60% in practice time on the operational equipment.

Note that this formula does not consider the total amount of time that

the experimental group spent on training, but rather the time to criterion
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after transfer, so that the transfer value is always specific to a

combination of the kind and amount of pretralning the experimental

group received.

4.3 Pred ctinj T

In order to predict 7T as defined by Gagnb, et al. (1948), it Is

necessary to predict the two parameters, C and E: the time, trials, or

errors required by the control and experimental groups respectively to

reach criterion on the transfer task. The control group Is trined to

criterion exclusively on the operational equipment, while the experimental

group is first trained on a training device, and then trained to criterion

on the operational equipment (i.e., the transfer task).

The control group may be thought of as a group which Is trained on

a training device having perfect communality and similarity with the

transfer device, since they are, in fact, the same device. In the cur-

rent form of the model, it is also assumed that the training techniques

for the control group are optimal, (The implications of this assumption

will be discussed later.) The level of proficiency (C) which the control

group will achieve after some arbitrary amount of time is based on three

components: 1) the content which is trained relative to the content

which is to be tested; 2) the difficulty of acquiring the content re-

quired by the criterion; and 3) the value of the techniques employed to

train the content. The content trained relative to the content to be

tested is estimated by the transfer potential portion of the present

model, and is expressed for any subtask I as CI X S1. The difficulty

in mastering the content required in subtask I is calculated by the

learning deficit portion of the model, and is expressed as DI. Finally,

training techniques employed are described by the training techniques

portion of the model, and their value is expressed as T . For any

particular subtask, then, the amount learned by or proportion of deficit

overcome by the group can be estimated by C1 X SI X Di X T . The time,

trials, or errors to a criterion on subtaik I is assumed to be a linear

function of Ci X SI X D X T . Since it was assumed that Ci, S, and T1
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would be I for all subtasks for the control group, the estimated time,

trials, or errors for the total task will reduce to a linear function of
N t,

.D. Thus, the nodel's estimate of C in the Gagn. et al. formula is

some linear function of D"
JD

The experimental group's score, E, can be considered as resulting

from tw components: 1) the amount of deficit overcome on the operational

equinment, and 2) the a%ount of operational deficit overcome by exposure
to the training device. The amount learned before transfer can be A

derived a! was done above fo' the control group, except that C1 1 S1 , and
T do not necessarily equal 1, since the training situation for the
experiment.,! group nee(" not be identical to the operaLional setting, as

was the case for the cont ol group. Therefore, the amount learneu before
transfer (i,e., on the training device) is estimated by •

_C1 X 5 X D X Ti.

The amount that renv ins to be learned after transfer for the experiment
group is then, "4at ;:he total deficit was minus what was learned on the

training device: N N
SO- i X 5 1 X Oi X Ti. The time, trials, or er-

rors to riterion can be estimated by a linear function of this exprossion.

Thus, the model's istimate uf E is some linear function ofSii

L D " Ci X S1 X D X Ti. Finally, the value of r can be e-timated

by substitution: let estimated T be written as '; let estimated C I N.Di
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let estimated L ,
•oDi -_C X S1 X D X T

then N N, -D ' 2cX s1 x D1 xT
A 1-0 1 i.1 X.1

t11

where CI. Sit Ti, and D1 are calculated as prescribed in Section 3.0.

This torrnula reduces to i linear function of, .N

EC X S X T X D

D

This formula for T has several interesting and desirable properties,

sI ncfe derivati!tns from it correspond to both empirical findings and
theoretical predictions, First, as the task communality (C) increases,

predicted transfer (in terms of savings) Increases. Second, as similarity

(S) increases, predicted transfer also increases, Third, as training

techniques (1) improve, predicted transfer increases. Further, all three

of these effects are moderated or weighted by the difficulty or deficit

()) of tne releviart subtask:.

To Illustrate this last property, consider a two-subtask case

where subtask I is difficult, while subtask 2 Is easy. rurther, suppose

there are two training devices designed to teach the whole task, One

device has high comnunality, similarity, and training techniques for

subtask I, and low coxmunality, similarity, and training techniques for

subtask 2, the other device is just the opposite. Hypothetical values

and calculations are presented in Table 6 for ý. The estimated Ts

clearly favor the device which is good at training the hard task, as would

so
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TABLE 6

ESTIMATES OF T WEIGHTED BY SUBTASK DIFFICULTY

~W.
Djt 1 2 I•

Ci Si Ti Ci Si Ti

ýubtask 1 .8 (hard) 1 I 1 0 0 0

Subtask 2 .3 (easy) 0 0 0 1 1 1

Di ci Si TC S i t1 DC 1 S Ti Di •
11-1",8) * O" 0o0"0o(.8) + I"

~0."1.3) • .8 1.1"(.3) w .3

' .8 .8 T' .3 * .3

.' ,727 " .273 i,

"'lJ
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intuitively be expected. This weighting effect operates as well in less

Clear-cut cdWes.

One caveat needs to be sounded. It was assumed that the relation-

ship between the amount to be learned (or rnmaining to be learned) and

tifme, trials, or errors to a criterion is a nearly linear function. Such

relationships in fact are known not to be, in general, linear, The

relationship between time and performance has generally been found to be

a ,n,•tonic increasing, negatively accelerated curve for acquisition

situations (e,g,, control group, or experimental group before or after

transfer; c.f. Hull, 1951). Time before transfer and performance after

transfer nay have an even more complex relationship (cf. Mandler, 1962).

Nevertheless, it seems reasonable at the present time to characterize these

relationships as approximately linear in situations of interest to Army

trainers. Clearly, an important topic for further research is the

relatlonship between amount of practice and performance in transfer/

acquisition situations represented in the Amy.

As mentioned earlier, there are also Iroblenis with assuming all

T Is , I for the control group, This suggests that the operational equip-

ment always assures the best training techniques, an assumption which

contradicts the hopes of device designers who incorporate training

feature% In devices (such as "problem fr'.eze", augmented feedback, etc.),

It miiight Just as well have been assumed that all control Tis - .5, a

neutral value, but this assumption would have been just as unfounded,

What is clearly required is a training technique analysis which references

the nperational equipment, This does not seem too difficult to construct,

and is an area for early improvement of the model.

Predicted rs have been generated for the devices considered in

Section 3,0 above, and these are presented in Table 7. #s are

presented for each device with respect to the two major tasks selected

for analysis, Further Ts have beeot estimated for each device with and

without sup~orting classroom instruction for both potential and actual

subtask communality. The table also presents estimated s s for the

52

-Ei



TABLE 7

TRAINING DEVICE EFFECTIVENESS PREDICTIONS: ESTIMATED

TL uIdnin _Utilization Device

Ta.k I - Fire Main Gun 17-4 17-134 M55 SIMFIRE

Potenti a1 .1349 .2142 .3721 .3721

Potential with supporting classroom
Instruction .1175 .2007 .3711 .3711

Actual .1349 .2142 .3427 .3427I

Actual with supporting classroom
I lstruction .1175 .2007 .3490 .3490

TaTds I - Adjust Fire Using BOT

Potential .1285 .2333 .3884 .3219

Potential with supporting classroom
instruction .1175 .1962 .3912 .3213

Actual .1081 .1885 .3362 .2697

Actual with supporting classroom
instruction .0981 .1536 .3417 .2735

* Cu-mnbined (I and IQ)
Potenttal .1323 .2220 .3788 .3516

Potential with supporting classroom
instructinn .1175 .1964 .3812 .3470

Actual .1240 .2037 .3400 .3129

Actual with supporting classroom
instruction .1077 .1771 .3453 .3111
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combined tasks. Note, however, that this combined value is rot simply an

average of the r s for the two subtasks; it is weighted by the number of

subtasks, ?.':tifl Y1arninq deficit, and individual subtask T s. It is also

true that : ;iot directly comparable between tasks. primarily, this

is due to the ronking procedure of the Learning Oeficit analysis. While

two subtasks (one in each task) might have the same "I" difficulty/

criticality rank, they might rot be equally easy to learn. Thus, while

a higher value of T' is interpreted as better transfer potential, this

estimate is relative to the other devices under consideration for a given

task,

Table 7 reveals some other interesting information as well. First,

there is a large and differential impact on predicted effectiveness for

the different utilizations. For example, there is no difference between

actual and potential transfer predicted for the 17-4 and 17-B4, while

there is a noticeable decrement for the M55 and SIMVIRE, Similarly, the

effectiveness of the 17-4 and 17-134 devices is reduced when supporting

classroom instruction is provided; the predirted effectiveness generally

improves with classroom support for the M55 and SImrIRL, There are clear

differences between the two tasks studied: while the M55 and SIMFIRE are

equivalent for Task 1, the M55 is clearly superior for Task II.

While it is important to explore the determinants of these results,

aTny such speculations would be without empirical justification. Clearly,

experimental evidence as to the relative efficacy of these devices for

these hypothetical utilization situations is needed.
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5.0 DISCUSSION

5,1 Coqpsition of the Model

As presently structured, the training-effectiveness model provides for
relatively comprehensive treatment of factors directly related to a training
device which are known to impact upon transfer of training. There are other
factors which should certainly be considered for Inclusion in future

versions of the model. These typically involve features of the training

system external to the device itself; two of the more important of these
are the amount of training/practice given and instructor-student acceptance
of the device, Work on the potential Impact of these kinds of training-

system variables will continue.

As far as device-related variables go, one additional construct might

be added invnediately to the present model: a third similarity analysis which

assesses the degree to which various adverse conditions, expected to impact
on tdsk performance, are simulated in the device. The data required for such
an Environmental Fidelity Analysis (EFA) could be obtained by interviewing
experienced operators as to the special or adverse conditions which occur

from time to time and affect task performance (e.g., extreme temperature,
reduced visibility, etc.). Building upon procedures suggested by Chenzoff

and Folley (1965), it should be possible to estimate how severely each
condition degrades performance, how likely it is to occur, and what specific

subtasks are impdcted upon. From descriptions of the training device, esti-
mates could then be made regarding its capability for simulating each

adverse condi tion.

Insofar as possible, an attempt has been made to incorporate the rele-
vwnt thinking and constructs of other investigators into the model. To

the extent that we have been successful in doing so, the model represents
a coalescing of ideas about the nature of transfer and the factors which

influence it.

5.2 Data Requirements
The initial applications of the model described in earlier sections of

the report were undertaken for two reasons. First, such exercises afforded
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an opportunity to identify and resolve any procedural difficulties which

might arise. Second, and perhaps even more importantly, they provided

for determination of the model's information requirements and for assessment

of the feasibility of satisfying those requirements. At issue were the

kinds of data needed and the anticipated quality of that data as a function

of the type of device being evaluated and its stage of development.

5.?.1 Kinds of Input. The basic data requirements, as identified

during conduct of the primary analyses (i,e., TCA, PSA, FSA, LDA, and TTA)

are threefold. First, a detailed statmont of the training objective(s) is

mandatory for the devlce under Investigation, Second, detailed task-analytic

data of the operational task and the training situation are required. Third,

estinmates are needed of the capabilities and existing knowledge of the '.
trainee population who will practice on the device,

The Army has developed detailed procedures for the specification of
training objectives, As discussed in CON Reg. 350-100-1 (1972) a training

objective• is to contain: The action which the trainee must be able to per-

form, the conditions under which hie is expected to perform, and the stan-

dards of performance he must reach. The action element determines which

specific tasks are to be evaluated in TCA, PSA, and FSA. It also contributes

to LOA. The conditions eloent would contribute to an Environmental Similarity

Analysis and to LDA. Finally, the standards element is vital for accurate

determination of the LIDA.

Provision has also been made for the generation of detailed task-

analytic information as described in CON Reg. 350-100-1 (1972) and CON

Pam. 3.50-1 (1973), Particularly relevant are the data generated during

training analysis which, when cast into Job-Task-Data-Card format, Indicates

the task, subtask, Job tAsk conditions, job task standards, skills and

knowledge, and attitudes. These categories of data are directly relevant

to most of the analyses required by the model. It should be noted, however,

that these inputs are descriptive of the operational or transfer situation,

Analogous data are required for description of the training situation. At

present there appears to be no formal provision for the generation of such

information. This fact, as will be discussed below, has implications for
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the kinds of devices and stages of development which can be addressed by

the predictive model.

The last kind of Input required by the model is not available in

any formalized sense, but c:an be obtained fairly readily. In order to

specify parameter values during LDA, estimates are needed of the capabilities

of the trainees who are to use a given device. It seems that the kind of

input which is required can be obtained from a general consideration of

trainees' backgrounds (i.e., the kind and amount of prior military training I
which they have received).

5.2.2 Quality of Input. The key issue in practical applications of

the current model Is the feasibility of acquiring the input data which

are needed. As discussed above, several different kinds of input are

necessary at rather detailed levels of description, Of concern, therefore,

is the assumption that the quality of this input (and, consequently, of

the output) may vary as a function of other factors. Two of these, considered V

during the applications reported above, are: 1) the system or nonsystem

orientation of the device under evaluation, and 2) the stage during design

and development when the evaluation is attempted.

The Army defines a training device as any three-dimensional object

developed, fabricated, or procured specifically for improving the learning

process. These devices are classified as systen or nonsystem. System

devices are those designed for use with one system or item of equipment

(e.g., for the TOW missile, the M60Al tank, the M16 rifle). Nonsystem

devices are designed to support general military training and/or for use

with more than one system or item of equipment (e.g., a burst-on-target

trainer, or a main gun trainer). While this distinction may be valid for

other reasons, it Is not important within the context of the current model

since it treats all devices as though they were system devices. This view

stems naturally from the way in which the evaluation is conducted. The

basic input always consists of the training objective, which either indicates

directly, or certainly implies, the specific operational context to be con-

sidered. The model's concern with transfer of training as the measure

of effectiveness forces consideration of the specific operational system
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or equipment for which training is being given. For instance, when the

effectiveness of the 17-4 Burst-on.-Target trainer is to be estimated, the

estimate must be made for some designate6 system. This is in no way meant

to imply that the 17..4 would necessarily be Judged equally effective when

applied to, for instance, the M60A1 tank, the M16 rifle, or the 105mm

howitzer systems. While the type of device does not influence the quality

of inputs to the model, the manner in which the device Is represented cer-

tainly does.

The model provides an estimate of training effectiveness based upon

an analysis of both the operational context/equipment and the training

situation/device. The amount and quality of the information which Is
available to describe either of these settings is a function of their stage

of development, This point quickly becomes apparent when one considers

the operational equipment and the training device at both conceptual and

prototypic levels of development,

Four situations arise in which one might want to apply the model to

forecast device effectiveness. In the first Instance, assume that both

the operational equipment and the device are at least at the prototype

stage of development. In this case the quality of the information which

could be generated would he at a maximum. However, the utility of the re-

sultant forecast would be diminished by the extent to which large costs

had already been incurred in producing the device prototype. In the

second case, assume that the equipment was in prototype form and that the

device was represented by a Training Device Requirement (TDR). Here,

clearly, a forecast of effectiveness would have great utility. Unfortunately,

however, the TDR's as currently written do not provide the information

required for description of the device (AR 71-7. 1973). The third and

fourth cases, in which either the equipment or both the equipment and device

were described in preliminary document form, would prove similarly unmanage-

able. No single document could be found which contained all of the Information

required for analysis, nor would the available information be of sufficient

quality.
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This situation does not preclude early assessment of a device. It

does suggest, however, that current TDR's would need to be reformatted if

they were to serve as the single source for all necessary input data to

the model. While this may represent a significant problem, it is felt

that much of the needed information may be available from different sources.

Aggregation of this data should be feasible.

5.3 Analytic Procedures

The procedures employed in the several analyses demanded by the mcdel

appear to be reasonably sound. Most of them represent a compromise over

choice of appropriate level of analysis. By working at what seems to be an

Intermediate level of detail it is possible to introduce a reasonable

degree of rigor and precision while avoiding the extremely time-consuming

effort which has plagued other approaches,

The most difficult and lengthy processing Involved occurs, in fact,

during the generation of input data, The need for task-analytic Infor-

mation is inescapable, and one must continue to go through this complicated

procedure. Within the model itself the Training Techniques analysis, as

indicated in Section 3.0, is rather laborious. In the future, attempts must

be made to conduct this analysis at the subtask level rather than at the

level of individual knowledge and skills. Similarly, ratings should be made

relative to the operational equipment which the device is designed to replace

for training purposes.

5,4 Vdliditdy of the Model

Development of the predictive model is obviously intended to replace

the costly approach of empirical evaluation of proposed devices and to

permit evaluations earlier in the life-cycle of the device. Before reliance

can be placed on the model, however, Its own effectiveness must be

determined. This means that its predictions must be checked against

empirically obtained results. This process of verification represents

validation of the model.

As indicated in the Second Interim Report (Wheaton, et al., 1974),
"validation" of the model actually refers to two kinds of validity: a)
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predictive validity, and b) construct, validity. Predictive validity

addresses the question of whether the moel's output is useful In predicting

the relative effectiveness of different devices. Construct validity refers
to the degree to which the dimensions of the mdel hypothesized to influence

transfer actually measure or represent what they purport to measure, In

essence, construct validity addresses the theoretical structure of the model,

its Internal aspects rather than its output. It is clear, therefore, that

predictive and construct validation serve two different purposes.

Predictive validity is assessed by the covariance between the model's

output and some concurrent criterion measure of transfer of training. In

perhaps the most basic case the model can make a prediction about the relative

transfer of training arising from two training programs--one which employs

one device and another in which instruction is provided by exposure to a

different device. In this Instance, the model would predict the relative

effectiveness of alternative devices.

Construct validity is demonstrated by determining the relationship

between specific predictor variables (e.g., various components of the model)

and transfer measures, In this kind of study interest lies in determining

the effects which parametric variations of independent predictor variables

have on the criteria--in this case transfer-of-training measures. One can

develop confidence in the value of any construct and in the construct

validity of a set of measures when it is found that devices which result in

good training and devices which train poorly differ in some ways, and that

these differences are in accord with theoretical (model) predictions.

In the present project predictive validity is of more immediate concern

than is construct validity. In essence, an attempt has already been made

to build construct validity into the model. Constructs were included only

after an extensive review of the literature, and only where powerful effects

on transfer had already been demonstrated. The remaining construct validity

questions and experimental studies must await the results from the predictive

validation efforts. Consequently, the field validation effort which is

being planned will focus on whether or not the model's predictions can be
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corroborated by obtained data. If predictive validity is demonstrated then

attention can return to the construct validity of various dimensions com-
prising the model.
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Tasbc A~ -,.

TRAINING PRINCIPL[S/TECHNIQUES

Stimulus Considerattions

1. Organize training around intrinsic cue coponents (key words, formull, or key let'.trs
within the fact or principle. Use those cue oomponents as m•eiators to trigger recall
of complete facts or principles.
Empirical - ood
Th•oret ica- indifferent

Z. Use meinenics (asoclating recall of facts or principles with imagery, r"#se, rhythm.
etc.).
Empirical *. ood
Theoretical a •atr

3. Prevent deCay of recall by Increasing the meaningfulness nf the material to be learned
by prividinq orgjanization to the relatedj fact% or principles,
Empilrical - good
Theoretical - Voo

4. Prevent decay of re411 by overlearning the original naterial,
tLpirical - ood
Theoretical - modeate

5, Prevent decay of rftall hy providing periodic refresh"r training,
o[pirical - fair

Theoretival . eAcellent

6. Use laentasl rehearsal of sequential steps. If readily coiable !n symbollic fore(medla tors ) .
Empirical I r•ifferent
Theoretical good

7. Maimlize control of cu•s to enmure that the trainee i% forming the proper association s,
I.e.. responding appropriately to the correct cues.
Empirical qtw
Theorttical -emel .rlnt

8. In trAin•ig for retall of langthy or difficult procedures, develop reduda•nt cue
reiponse patterns (via prinary and %uppleonwtary stimuli) to trilggr the Sequentially
neat corrftl rrsponne.
bapIrlcal - fair
Theoretical - good

9. Use prngranvd dermnstration of pr•c•dures, up to but not beyond ability of student to
understand proctdure%,
Empirical g.ooI
Theoretical good

10. Stimuli used in training should be nearly Identical to lob stimuli unless this
fidelity increases problem difficulty in the initial phase of training to an un-
acceptable level.
Empirical - good
Theoretical - good
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Tab le A-,?[cont'd)

11. Vary ratio of relevant ad irrelevant (transient) stimuli according to requirements
of various stages of traiAing. Maximize relevant cues and minimize irrelevant cuts
in early stages of training; use a realistic mix of relevant and irrelevant cues In
final stages of training.
Empirical - questionable
Theoretical - goodI'I

1.Emphasize cues which elicit mediatin responses, e.g., "sef-instructions", *popula-
tion stereotypes" and "natural associationsN.
Empirical - good
TheToretical - good

13. Transfer increaies as the difference between reference and generalization stimulus
decreases.
Empirical •excellent
Theoretical - excellent

14, Decrease signal-to-noise ratio as student achieve% success at a given difficulty l.,vvl.
Empirical - good
Theoretical . eacellent

15. Emphasize the logical relationships which exist between the general principle ar'd tht,
specific application, The unique or special features of each application should ba
minimized while the common relationships to the general principle should be mphasied.
Empirical m moderate
Theoretical - good

16. Stimulus redundancy - apply principle in a large number of practice situations, Ihil,
varyinq the stimulus conteot of repetitions.
Empirical • fair
Theoretical - good

17. Trainees must have access to potentially relevant data. in final stage of traininq,
data should be limitod to that expeted in real world situations,
Empirical - fair
Theoretical - god

18. Guiding - early in training present logical implications of alternative choices.
Empirical - fairr
Theoretical - good

1g. Mediators - acquisition and use of mediators such as stereotypes or self-instructiont
facilitate the identification of response alternatives and the probability of sucress
of each alternative.
Emoirical - fair
Theoretical - good

?0. Stimulus load - toward the end of training, present trainee with a realistic data
processing load (realistic number of significant signals plus realistic noise in
real time).

Empirical - fair
Theoretical good

21. Stimulus generalization - vary the stimIlus context of repetitions.
"Empirical - fair
Theoretical - moderate
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22. Insure that the appropriate stimjlus cues are available to the tralnee continually
during the performance of the task.
Emirical - good
Theoretical - moderate

23. Ephaisit on prediction of future states (thinking ahead).
Empirical - fair
Theoretical fair

24, Expose trainee to a wide range of task difficulty.
Empirical - moderate
Theoretical - good

2S. In continuous control taskS, high fidelity is often required in (1) stimulus presenta-
tion, (2) operator response characteristics, and (3) dynamic system behavior, the
evolving display.control relationship.
Empirical moderateTheoretical . good

26. Conti uity the symbol and referent should be presented in close temporal contiguity.
Espirycal -good
Theoretical • excellent

27. Cue develo$oint - emphasze the development and use of internal cues, such is
@*diators or kinesthetic cuel,
Empirical - moderate
theoretical - good

M3. In tralmtng for Ilngthy strial movements, provision should be made for progra•ilnq
dmonstrationt of the lengthy serial or sequential performance according to the amount
of demonstration which can be understood by the trainee, Continuing a demonstration
beyond the "saturAtion point" will result in the association of responses with in-
correct cues.
Empirical - fair
Theoretical - good

29. Early troining - use nodels of correct performance as a basis for train*# to perceive
critical cues of qow form, Use models of cwoipawt parts of task.
F*i1rical moderate
Theoretlcal - gool

30. Cue discrimination - perceive difference between correct and incorrect form.

Empirical • good
Theoretical excellent

31. Later stages of training - the kinesthetic cues dominate (cues based on "muscle feel").
Empirical moderate
Theoretical - questionable

32. Performance aids - espcially In early phase of training use a performaince aid or
model, such as instructions. checklists or standard examples/forvmits to aid In
perceiving need for and compooing of oessages.
Em[irical - Indifferent
Theoretical fair
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Ub•le A-, (cont'd)

33. *In-the-hoad* mediators - in later stages of instruction rely on *in.the-head"

Instructions. models. etc.. to aid In perceiving need for and composing required

Emp cal - indifferent
Theoretical fair

34. Static and dynamic models - In early phase of training use models, such as still and
moving graphic displays (video tape recordings) to establish the characteristics of

•..criterion performance.
Empirical - fair
Theoretical - fair

35. Pre-training methods need to take care not to make the 5 dependent upon the qjiLtya cues
provided In the early stages of training and thus to hinder the changeover to oore
direct relationa between input and output at a later stage.

pirical - good
Theoretical excellent

316, With very compleA tasks, instruction In principles yields better results than laying
dowm a detailed drill, while with simpler tasks the drill Is at least equally of-
fective.
Emiprical - good
Theoretical - good
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Table A-L' (cutit'd)

Ro1sgin1o Cnsi ratIons

1. Make an overt response Indicating the recall of facts and principles, enabling
masuroent, (Add appropriate phrase for each behavioral category,)
EImirical - excellent
Theoretical - excellent

2. Response General1tatlon - make Job performatce type responses (i.e., high fidelity
responses later in training).
Empirical questionable
Theoretical questionable

3. Guide or prompt response. especially in the acquisition phase of training.
Empirical - good
Theoretical - good

4. To-be-learned response should occur as soon as relevant cues are perceived (con-
tiguous occurrences of cues and response).
topiricil - good
Theoretical - excellent

5, The strength of , given response typically Increases as a function of practice.
Empirical - ex ellent
theoretical - excellent

6, To enable reinforcment of performance, the student, upon detecting a signal, should
respond so that what is detected and time of detection can be recorded.
SImprIcalI exce~elent
Theoretical - eaLellent

7. Performance differec9%s which are due to individual differenteo In ability tend to be
magnified as a function of Increasing task difficulty. IdentiLal performance amonq
given trainers Is not necessarily Indicative of Identical learning, hence the need
for a better measure of the extent to which trainees 4re profiting frowe the training
situation
Empirital -good
Theoretical - exCelltnt

8. Apply decision makini; In a large nvutr of practic.e situations while varying the
stimulus context 0 repetitions,
fmpirical - fair
Theoretical - good

9, Stress - when trainee will be required to perform under stress. use overlearning of
skill to minimize effects of cometing responses,
Empirical - fair
Theoretical - good

10. Repetition: highly skilled performance requires extensive practice.
Empirical - excellent
Theoretical - excellent

11. Make an objective measurement of the frequency and type of errors - changes In total
error pattern - throughout the course of training. ieasurmeent should be based on
specific behavioral objectives.
Empirical gad
Theoretical r Ir
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12. Symbol - referent associations (pairings) are especially amenabl, to "in-th.-.hoad"
practice.
EMpIrical -good
Theoretical - excellent

13. Emphasize extensive motor response repetition or practice In order to (1) strengthen
Individual or component steps of the moviment sertet, and (2) integrate these steps
into a smooth sequence.
EmIpirical - excellent,, Theoretical - good

14. Emphasize overt respondings in a social context. Practice to strengthen correctreponses.

Empirical - indifferent
Theoretical - hunch 4

15. Record responses In context, Since the response is typically complex Involving subtle
relations amonq components, the technique of measurement should rovide for recording
the total c¢mplex In a manner that permits analysis of such subtle relationships.
Empirical . Indifferent
Theoretical - excellent

15. Wheoo skill Is not regularly used, prevent decay of recall by providing periodic
refresher training,
Empirical -fair
Theoretical - excellent

17. The usefulness (for lateral" transfer) of any learned capability will be increased If
It Is practiced In as wide a variety of situations as possible. t
Empirical . good
Theoretical .excxllent

18. Ensure that relevant subordinate capabilities Mve been thoroughly learned before ,
calling on vertical (e.9., inclusion) transfer to oid the learning of "advancedu 4
capabilities, 1
Empirical - good
Theoretical - questionable

19. Vertical transfer Is enhanced by the variety of previous knowledge.
Empirical fair
TheoreticAl - good

20. Where the whole task is a closely coordinated activity such as aiming a rifle or
simulated flying of an aircraft, it Is better to tackle the task as a whole. Any
attempt to divide It ujp tends to destroy the proper coordination of action and
subordination of Individual actions to the requirements of the whole, and thus out-
weight any advantage there might be in mastering different portions of the task
separately,
Empirical - good
Theoretical fair

21. Where the task involves a series of component actions which have to be performed in the
correct order but each Is largely Independent of the others, there seew to be
advantages In practicing the different components separately.

,. Empirical - fair
Theoretical -good
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Table A-• kcont'd)

22. Continuous practice facilitates mastery of complex, moaningful material and the
establishment of coordinated rhythmic activity (within limits of fatigue),
Empirical - good
Theoretical - fair

23. Continuous practice setms to be preferred by older trainees.
Empirical - moderate
Theoretical - indifferent

24. S ced practice is more efficient than continuous If only the actual duration of
t: sessions is counted and the time between sessions is I nored. When tie time
between sessions is Included, continuous practice Is usualiy more efficient,
Empirical - good
Theoretical Indifferent

25. Very brief pauses between practice sessions should be as effective is longer ones,
Empirical - fair
Theoretical - good

26. Nolntal practice" it% which the I performs a tUsk In the Imagination, can often besubstituted for a substantial amount of practice Involving full performance with

little if any loss of effectiveness.
Empirical - fair
Theoretical - good

21. Relatively little learning occurs If Ss are passive upectators or even passive
performers, but that they must be involved In active decisions and choices about
what they are doing, and it Is these that they will retain whether they are
right or wrong,
Empirical - excellent
Theoretical - excellent

28, If two or more tasks have to be learned, it is most beneficial to begin with the
one which el i0 ts the greatest care and effort towards the attaluent of a high
standard of perfurinance. However, if S was not allowed to continue to
ractice the more difficult task until a point of reasonable mastery, he would be
eft with an itiadequate comprehrnslon of the task, and transfer to a simpler task

might be confused and leSs satisfactory then If he had taVkled the easier task first.
Lopirical - good
Theoretical - moderate

29. The more suh.tasks there are in the overall task, and the more they interact with one
another, the more opportunity there will be for improvement, and therefore the longer
improv4wnt will continue.
Empirical - good
Theoretical - excellent

30. Transfer of skill from one task to another will depend not so much upon the extent
to which methods _.possible for one are applied to the other, but the extent to which
methods which have bWi'•selected for the one are applied to the other.
Empirical - WF • i#rerint
Theoretical - excellent

31. Effectiveness of spacin• practice depends on what Is done during the times between
practice periods: (a)If they are spent in rehersal of the material, learning will
bemlfit, unless the task is fatiguing In which case continued practice may depress
subsequent performance. (b) If time between practice periods are spent on another

: 7()
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Table A-?I (conL'd)

task, learning or later recall of the first task may be Impaired, the degree of
impairment depending on the degree of similarity between the two task$.
Empirical - good
Theoretical good

I-i
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Tablu A-;' (cuit'ld)

Fe eback Considerations

1, Schedule KOK (knowledq e of result) soon after response for maximum reinforcement,
Error luentiflcatIon function of K is significant,
Empirical - 4ýKcllent
"Theoretical - excellent

2. Especially early in training, use KOR after the response to each stop, for maximum
reinforcement, Error identification function of KOR is significant. In later
stages of training sV.ep feedback is not so critical,
Eimpir c a I - exce lant (but mostly rats)
Theoretical - excellent

3, As training proqresses, gradually increase the del ay In presenting KOR (present KOR
in Increments of 2 steps, then 3 steps, etc.) until the schedules of KOP approximates
the operational setting.

* Empirical - good
Theoretical - excellent

4. Immediate reinforcement (0.5 seconM delay) for non-verbal Identification,
Empirical - no data found
Theoretical - hunch

5. KOIR - automatic .yq•i. performance feedback (e.g., if target is identified firom
partial cues, prusxnt the target with a full set of cues after Identificatiton
Autcwtv if jpossible).
Empirical - •ndifferent
Theoretical good

6, Feedback omission schedule proqrAemd according to stage uf training: hi•h feedback
during initial sta~e•, decreased to equivalent to optrational setting or lower.
Empirical - excellent

* Theoretical - excellent

7. Schedule K•O soon after response for maximum reinforcement. KOR should deal with
both procse and solution.
Empirical indifferent
,heorttical - oxcellent

B. Early in training, evaluate each alternative solut4')n ai it Ii Identified, and when
s final choice among alternatives is made, evalhu.te th* overall choice.
Empirical - indifferent
TheoreticAl - hunch

9. 14p•,th - reinforcement should be contingent upon characteristics of train"ees
response so that by a prccess of 'successive approximations', the final desired
proficiency is produced.
Empirical - excellont
Theoretical excellent

10. Continous KOR - beWduse of the dymmic nature of the problem, the' trainer should at
times be presented with an on-going evaluation of his performance.
WiFrtical . indifforent
Theoretical - good

I•
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Table A-,. (Cont'd)

11. Incorrect as well as correct %Vmbol-referent pairing can be strengthened by self-
Initiated "in-the-head" practice.
Empirical - moderate
Theoretical - excellent

12. Extensive response repetition (overlearning) by the trainee to take advantage of the
built-in feedback properties of these types of task,. Simple repetitive movements may
be "automatically" reinforcing (Kinesthetic feedback).
Empirical - excellent
Theoretical good

13. Provide record of trainee's overt response to enable evaluation of trainee performance
* i.e., must know what Ss are doing In order to provide KOR).

.Vp irical excellent
"Theoretical excellent

14. Analyae oral verbalization recordings to evaluate trainer/team performance and
provide KOR.
Empirical - excellent
Theoretical - excellent

15. Perfortnoance improvment in acquisition depends on knowledge of results (KOR), The
rate of Improvwment depends upon the precision of KOR (within limits of meningful-

, not$),Empirical excellent
Theoretical fair

"16. Delay of KOP ha% little or no effect on acquisition (for simple motor movements only).
Empirical - excellent
lTeoreticil - fair

17. Increasinv tho post-KOR interval up to a point will Improve performance level In
acquisition (spa~1r during practice). The "point" Is when re'all of movement or
KOR Is affected.
Empirical excellent
Theoretical . weak

10. The type of activity In the WOR delay or post-KOR delay interval does not influence
acquisition (providod the intervening activity Is not of the same type).
tmuprikal - exceIlent
Theretical - wea.

19. Withdrawal of KOR produces deterioration of performance wten lcvel of training is
low or noderate.
Empirical - excellent
Theoretical - excellent

20. When KOR it delayed In acquisition, and S engages In deliberate verbal or motor
activity during the delay Interval, the effect of KOR withdrawal is poorer performance
than when S rests.
Empirical - excellent
Theoretical - fair

21. When 1(R Ii delayed In acquisition, and S rests during the delay Interval, the ef-
fect on performance when KOR Is withdrawn Is no different than whnen Immediate KOR

0t Is used.
Empirical - good
Theoretical -flair
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'.,Activit.y In the xi-.t-P'jiR diel;q interval duriny alcquisition worsens prformance olherr
K04R Is witildrawfi.

Theoretical l;)

23. Afte~r a relatively largJe amount of training, learning~ can continue whomn KOR Is with-

itworelc'al fi

24, If tri-or% cnujhd in prevenited in the first few trials (e.g., guidance). mastery of the
t.''.k s.iy,.ii be very Plci, ou~ckar.

flnip Irem.il.- vipmielen

*Guidalm" t. &durirm U trl 014 omj Lh. ef It Wi when tracking movrmints have to be made with
ani r bi ei~ n ~la el at~ionship.
Ipritarl. fa tir

heor t i. al Olt,it

X, . Gu W a ric r le no t 41ij simple repttitlve movements, but aid% learning comprlex colurses.

Thtueori,-0'. 1 91)0

U1. The' rmnuict c .unve-oinq i2¶Ji i% imprtjnt: (a) [ife ctivrnes is greatest when the
I M orwjt. I on I. %,zI arlIy a rwi i -ý.p Iy ro Ia ted to I. fi ac t i on per forem4-d, Any d isto~rtionw
,I-r 4-1 1v. -ý i ' 1' ilkI.'l itmkrvivatitfl iu. tt.t i. tom th4' S will1 rikdocem It% elf4,Ft'ctivell~'.

tlm lA'Adll f'1 W I .. *r ii.'. infciorm.int Iion ra y tbe partl I ~'i'nored or 'niny c~onnfuPe the
C hinu nm r i rh1k-Wn "houlti Ir.11cati' the Mii crtjmar.y N-twe~en w.hat I'. re-Wurm'l

and W014t K1'. 1.r'nr or.hirvixi ratherr than innrrely yive' a 'rsm inder of requininrerent'. or scurm

I ~rpI r I 1'k .' Pme l .V1ent
'mhcnmnn'tim.. - i-tco1lient.

ýo F~r ftin -,Ni ii.' is ht-.k ',ainrtained wh~emn the c( mitlmon Are' such as '.o eeimphasize the need
for S to omtm'i-vem trie fi'el of his actions in oruder to relate then to their result%,
Eampir i ca I lin'd0w

2.A , %ist hMve 4riin' to the' result I% of hi'. Act ioris i I he 1'% to perfmin~ acc uratoly
at all, qninm tr-A mnir piv~ce'-oire' will bie eifectivo in %o far as they he'lp hirm to
ob-.mv-iveIN a uxi j .i e uties~ as. Are' Ini-mrrit iii 0h* ta-k for which he' is beingn LrAlned.
Tt~y will fAi1 in so fNir Ail they pee.. ici- him with extra cures an which he rrMeS to
rely hut whikh ire' not ava llableF whein he Lhanqe%" frrae training to thew actual Job.
Iip Ir IL.AlI -. efl~elleont
Theoretical - lexcl lent

30. KO at.ts as Ali ink.rntive.
iriidI excel loot

7hr'ore't lfral 10ood


